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(1)
SUMMARY

The initial purpose of this study was to investigate
the reactions of bistrifluoromethylamino-oxyl with organic
compounds with respect to free-radical rearrangements.

The reactions with 3,3,3-trichloropropene and 3,3,3-
trichloro-2-methylpropene gave both rearranged and non-
rearranged products with the yield of the former increasing,
as expected, on dilution of the reactants.

With the chloroalkanes Me ,CCIX (where X= Cl, Ph, or Me)
overall elimination of hydrogen chloride was the major
process, with the formation of bis(amino-oxy)-adducts from
the resulting olefins.

The reaction of the oxyl with t-butyl bromide gave the
non~-rearranged compound (CF5)2N00H20Me2Br together with
products arising from B-scission of bromine.

With 2,2-diphenylpropane aﬁd t-butylbenzene complex
mixtures were obtaired, and only the non-rearranged products
(CF3)2NOCH20MePhX (where X= Ph and Me) were isolated.

The reaction of the oxyl with t-butyl acetate gave
only non-rearranged products.

No evidence was obtained for rearrangement in the
reaction of a 2:1 molar mixture of the oxyl and cyclopropyl-
phenylmethane, although rearrangement possibly occurred to
some extent with a 1:2 molar ratio of reactants in solution.
With the cyclopropylcarbinols CH,CH,CHCH(OH)X (where X= Me
and H), products arising from net oxidation were obtained in
high yield, i.e. CH,CH,CHCOY [where Y= lMe and (CF3)2NO].

Although no rearranged products were isolated from the

reaction of the oxyl with 2-pinene, the compound
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(CF3)2NOCH2é:CHCHECH[?MeEON(CF3)é]CHEbH2 was isolated in the
reaction with 2(10)-pinene, indicating that ring opening of
the cyclobutane ring had occurred.

Hydrogen shsteraction was the major process in the
reaction of the oxyl with allylbenzene and penta-1,4-diene;
the formation of both the 1- and 3-substituted amino-oxy
adducts indicated that an allylic radical was involved,

- ratheér than reaction by an addition-disproportionation
mechanism. The 1-substituted isomers were further scavenged
by the oxyl to give tris(amino-oxy)-substituted products.

The-reaction of the oxyl with cyclo-octene and cis-cis-
cyclo-octa-1,5~-diene gave products resulting from hydrogen
abstraction and addition; no evidence was obtained for
rearrangement in either case.

The reaction with norbornaéiene gave norborn-5-ene
adducts, rearranged nortricyclanes, and tetra-substituted
norbornanes, the relative yields of which varied with the
concentration and relative ratios of the reactants.

The reaction of the oxyl with 2-phenylpropan-2-o0l gave
the compound (CF5)2NOCH2CPh'MeON(CF3)2 together with three
isomeric dimers of X-methylstyrene. The NN-bistrifluoromethyl-
hydroxylamine, formed in situ as a result of initial
hydrogen abstraction by the oxyl, was shown to be a catalyst
in the dehydration of the alcohol to«X -methylstyrene.:

The second part of this study involved the reactions of
perfluoro(2,4-dimethyl-3-oxa-2,4~-diazapentane).

With the trichloropropenes CH2:CXCCI3 (where X= H and
Ile) the rearranged compounds (CF5)2NCH2001X00120N(CF5)2 were
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obtained as major products; in the latter reaction the
compound (CF5)2N000120Me01CH201 was also formed presumably
Via chlorine atom attack on the alkene.

The reactions between the oxadiazapentane and t-butyl
bromide and 2-chloro-2-phenylpropane were complex; the
isolation of bromine and hydrogen chloride, respectively,
indicated that B-scission of the halogen atom had occurred to
some extent.

With 2-pinene, cyclopropylphenylmethane, and the cyclo-
propylcarbinols EEgaﬁ;bHCH(OH)X (where X= H and Me) the
reactions were complex indicating that ring-opening of the
cyclobutyl and cyclopropyl rings had probably vccurred.

The reaction with 2(10)-pinene gave a complex mixture of

products including the compound (CF5)2NCH2é:CHCchH[CHMegCHngE
which is probably formed via hydrogen abstraction by the ring-
opened intermediate radical from the starting olefin.

The reaction with cyclo-octa-1,5-diene gave products

resulting from hydrogen abstraction and addition as well as

I )
the mono-substituted cyclo-octene (bF5)2N0H0H2CH2CH20H:CHCH20H

no products arising from ring closure were isolated.

Y

The oxadiazapentane was found to preferentially undergo
addition to the double bond in allylbenzene and.penta—1,4-
diene, to give the products (CF3)2NCH2CHON(CF5)2CH2X (where
A= Ph and -CH20H:CH2), rather than abstract an allylic
hydrogen. In the liquid-phase reaction with penta—1,4—diene.
several very high-boiling products were also formed and it is
postulated that these arise via reaction of the intermediate
radicals with the diene.

The reaction between the oxadiazapentane and t-butyl-
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benzene gave products arising from aromatic substitution

and addition as the major products; the low yield of (CF3)2NH
isolated indicated that little hydrogen abstraction from the
t-butyl group had occurred.

The reaction of the oxadiazapentane with chlorobenzene
was also studied and although the products were not fully
separated, it was apparent that both aromatic ring
substitution and addition had occurred. Furthermore, the
formation of hydrogen chloride indicated that some replacement

of the ring halogen atom had taken place.
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Free-radical rearrangements.

A. Frequency of free-radical rearrangements.

Under suitable conditions, free radicals may undergo
intramolecular rearrangements, examples of which, although
fairly numerous, are far less common than those involving
carbenium ions. Particuiarly striking is the inability of
alkyl groups to undergo 1,2-migration in radicals which
compares with the extreme ease of such processes with the

corresponding cations, e.g.

Me

5CCHye  —AA—>  Me,CCHMe
.
+ \
Me CCH,* ————> Me,CCHJle

No rearrangements involving the 1,2-migration of hydrogen
have been unambiguously shown to occur, although there are
numerous examples of 1,2-shifts of aryl groups and halogen,
together with instances of vinyl, acyl, and acetoxy'group
shifts. “
Various treatments of L.C.A.0. molecular orbital
calculation;,ghave attempted to explain the more difficult
nature of radical rearrangements compared to their cationic
analogues with respect to 1,2-shifts, by considering that

the rearrangement process occurs via a triangular arrange-

nent, i.e.



Cationic rearrangements will bring the two electrons of
the migrating group towards an empty orbital on the reactive
centre, filling the bonding molecular orbital only. Radical
and anionic rearrangements, however, have some antibonding
character in the transition state as the orbital at the
reactive centre is not empty. Consequently, it has been
calculated that the triangular state is more stable than the
linear one for the cation, hence facilitating rearrangement,
but for the radical the stabilities of ﬁhe two states are
approximately the same, and for the anion the triangular
state is less stable. Furthermore, the relative ease of
migration in the radical with respect to 1,2-shifts is
aryl>alkyl>hydrogen.

These theorétical treatments have been critisized ,
however, as they are based upoﬂ‘ﬂ'approximations to what are
essentially o~-electron systems in most cases.

An alternative mechanistic viewpoint has been proposed
by Mayanzq-based on the molecular vibrations of the radical.
Basically, rearrangement is considered to be favoured when
there is a high probability of an intramolecular vibration
causing the appropriate geometry for migration. Heavier
substituents, such as aryl or halogen, having low vibrational
frequency modes, as well as incréasing distance between the
reaction site and migrating group were considered to be
favourable struciural features for rearrangement.

The energy differences hetween tertiary, secondary, and

primary reaction centres appear to be far greater for cationic

systems than for radical systems and as a result cationic



rearrangements are often subject to considerably greater
driving forces and can be assisted by a suitable choice of
solvent, ’
Further, cationic rearrangements can be simultaneous
(or to some degree concerted) with development of charge.
Radical rearrangements, however, appear to involve discrete
rearranged and non-rearranged radicals, and although several
authors have proposed that p-halogenoalkyl substituents can
anchimerically assist vicinal hydrogen abstraction via a
bridged halogen structure, such examples of neighbouring-
group participation are far less common in radical chemistry.
Consequently, the radical-rearrangement step is in
competition with other side reactions, and as a result the

number and types of radical rearrangement are reduced.

B. 1,x-Shifts

(i) Aryl shifts,

The 1,2-shift of the phenyl group, commonly known as the
'neophyl' rearrangement, was first discovered in a Kharasch-
Grignard reaction in 19445; the driving force for the
migration is the formation of a tertiary radical from a

primary radical, i.e.

?e

Ph-C-CH.. > Me—-C-CH.Ph
| 2 | @
Me _Me

The rearrangement step is believed to proceed through a

triangular transition state with the odd electron delocalised



round the aromatic ring, i.e.

Ny Nd—
/ O\ /7 N\

The question arises as to whether the bridged structure
exists as a distinct intermediate or is involved only as a
transition state, hence involving discrete rearranged and
non-rearranged radicals. A study of the e.s.r. spectrum of
the 2-phenylethyi radica16failed to indicate any evidence of
the bridged intermediate, and work showing that the extent
of rearrangement is inversely dependent on substrate
concentration7’8’9and is decreased if efficient chain-
transfer agents are presentqo’qq,qetends to support the idea
that rearrangement involves discrete rearranged and non-
rearranged radicals.

If a bridged radical is involved as a discrete
intermediate one would expect to observe both evidence of
anchimeric assistance and control of stereochemistry.

However, evidence of rate enhancement by neighbouring-group
participation was not found in a study of the relative rates
of decomposition of the compounds Pthe2CH200é]2, an
.[PhCH2CH2002-]2, and [PhCHecHECHECOz , and Ruchardt has shown
that the decarbonylation of the optically-active aldehyde (1)

gives 98% racemic product, i.e.



Ph Ph
CH,-C-CH,CHO ———> CHa-%-CHa' _ C’HB-E—CHZPh
Et Et &
1
RCHO
CH 5 ~GH~CH ,Ph
&

Although the above evidence tends not to support the
existence of a bridged intermediate it does not exclgde the
possibility of the formation of a bridged transition state,
or indeed a number of these transition states. in the
rearrangement step.

The extent of rearrangement of B-arylalkyl radicals is
markedly dependent on the lifetime of the radical as well
as on the activation energy for the rearrangement process.
The lifetime of the radical is dependent on the intrinsic
stability of the non-rearranged radical, and also on the
ease with which it undergoes chain transfer. The stability
of the rearranged radical plays an important part in deter-
mining the activation energy for the rearrangement process.

The importance of the relative stabilities of the

rearranged and non-~rearranged radicals, and to a lesser extent

the steric congestion at the f~carbon, on the extent of

rearrangement is shown in Table 1.
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TABLE 1
Extent of rearrangement of p-phenylalkyl radicals.
Taitial Rearranged Extent of Reference
radical radical rearrangement
(%5
PhBCCH2' PhECCHzPh ' 100 15
Ph2CMeCH2~ PhCMeCHBPh 100 16
PhECHCHao PhCHCHgPh 63 15
PhCMeacHZ' Me2CCH2Ph 49 . 15
PhCHMeCH2' MeCHCHePh 39 15
PhCHecMezo CH2CMe2Ph 0] 17

An increase in radical stability is not intrinsically
necessary for rearrangement, however, particularly if
elevated temperatures are used which favour the rearrangement
step. For example, labelling experiments have shown that the
B~-phenylethyl radical itself rearranges with the extent of

16
rearrangement varying from 2% at 145 °¢ to 5% at 175 °C, i.e.

14

. . ; 14
PhCHE- CH2 _— CH2- CH2Ph

The extent of rearrangement is also dependent on the
nature and concentration of chain-transfer agent in the
reaction environment. For example, Wilt and Philipqqfound
that the rearrangement of radical (22)‘increased from 63%%
to 92% as the concentration of aldehyde was decreased, while

on additior. of benzyl mercaptan (a good chain-transfer agent)
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rearrangement'decreased to less than 3%, i.e.

CH,Ph
low[RCHO]
CH,*
Ph
- high[RcHO] Hy
( 2 ) or RSH 4 Fh

It is for this reason that aryl migrations are not

commonly observed in free-radical halogenations, although at

: 18
higher temperatures some rearrangement has been observed 1i.e.

CH CH
| 3 Cle {5 ;
CH3~C-CH; ~—TxGTy> CH3—|-CH2' - > CH3-C-CH,Ph
h Ph Hy
Cl, c1,
CHy cl
CH5~C-CH,CL CHa—?-CHgPh
h CH
(major) (minor)
19

Ruchardt has shown that the extent of rearrangement is
dependent on the nature of the migrating aryl group. His
results seem to indicate that electron-withdrawing

substituents favour rearrangement (Table 2).



TABLE 2
Relative amounts of aryl migration (%) in ArCHe.CH.° radicals
Substituent in Yield of rearranged
aryl group product (%)

E-—MeO 0. 36
H 1.00

p-CN 35

L .

A possible explanation is the ability of electron-withdrawing

groups to impart some carbenium ion character to the

transition state, hence increasing its stability, i.e.

N
I

Mg

Me

There is little evidence for homolytic 1,3-phenyl

migration and it is believed that the unfavourable four-

membered transition state which would be involved precludes

the rearrangement.
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However, examples of both 1,4~ and 1,5-thenyl migrations
have been recorded. The evidence available indicates that
the rearrangements proceed through bridged transition states,
involving discrete rearranged and non-rearranged radicals
rather than via distinct intermediates, although it would be
expected that involvement of five- or six-membéred ring
intermediates would be more favourable than involvement of
three-membered ring intermediates in 1,2-shifts.

The rearrangement step involved in 1,4-aryl shifts may
proceed via either five- or six-membered transition states

20
(or intermediates) or both, e.g.

Cl Cl

Cl

Ccl




Aryl shifts from2carbon to oxygen and from oxygen to
/I
oxygen are also known , and a 1,2-shift of phenyl from
22
oxygen to carbon has been reported at high temperature , i.e.

PhOCHe- ' ? PhCH2O‘

Both 1,4~ and 1,5-phenyl shifts from silicon to carbon
23 :

have been shown to occur y C.8.

Ph

1 .
Me ,SiCH,CH,CH," > Me,SiCH,CH,CH,Ph

Ph
IvIe2SIiCH2CHBCHBCH2° ———— Me ,SiCH,CH,CH,CH,Fh
24 25

and shifts from silicon and germanium to oxygen have been
reported.

However, no evidence for a 1,2--aryl shift from silicon
to carbon has been found26’27, i.e.

PhySiCHy» —/—> Ph,SiCH,Ph

IT has been suggested that the carbon radical is stabilised
by interaction of the unpaired electron with the d-orbitals
of silicon and that the degree of steric crowding round the
silicon atom is less than that around carbon in the radical
PhBCCHg' which reduces the driviﬁg force for rearrangement.
Furthermore, it has been postulated that the transition state
for rearrangement: would be subject to considerable strain
compared to its carbon analogue. These factors are
apparently less important in the case of 1,4- or 145-phenyl

shifts from silicon to carbon.
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(ii) Halogen shifts.

The 1,2-shift of chlorine, known as the Nesmeyanov
rearrangement, is the most{ common in this class of
rearrangement. The first authenticated report, which
appeared in 195128Was based on the observation that the
peroxide- or light-catalysed addition of hydrogen bromide

to 3,3,3~-trichloropropene led to rearranged products, i.e.

. HBr
CH2.CHCCl3 > BrCH,CHCICHCl,

Subsequent work has provided many examples of vicinal
chlorine shifts, mainly centred around processes of the type
29

shown below (where'X= H, F, Cl, or CH

133 Y= H, Cl, Br, or

CHB; Z= H, Br, 0013, or SR)

1 1

X-cl;-éY-CHaz ————  X-G-CY-CH,2Z
C

)
1 Cl
The rearrangement is believed to proceed through a
bridged radical intermediate (or transition state) in which
the extra electron is accoﬂgdated in a d-orbital on chlorine,

i.e.

1 1

1 |
_i___é_ ; :}fﬁi}gj._~——§ -?———;_

An alternative mechanism by which the rearrangement step
may occur is via an intermolecular elimination~readdition

pathway, i.e.
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1 1
-g———é- —— x:¢( + Cl. — -?———?-

Such a process is possibly more important at higher‘
temperature when the B-scission of chlorine is favoured, and
indeed it has been suggested that all halogen rearrangements
cccur via an elimination-readdition processB1.

As with 1t2—ary1 shifts, the most important factor
governing the extent of 1,2-halogen migration is the relative
stabilities of the rearranged and non-rearranged radicals and
consequently the relative rates of their interaction with the
chain-transfer agent. ‘The extent of migration in several
B-chloroalkyl radicals are shown in Table 3.

TABLE 3

Benzoyl peroxide initiated reaction of HBr with

various chloro-olefins

Initial Rearranged : Yield Reference
radigal radical (%)
C1;CCHCH ,ET C1,CCHC1CH Br 27 28
C1,CHCHCH ,Br C1CHCHC1CH,Br 46 32
caq126010H23r CleCCl2CH2BrV 0 32

Also, as the energy of activation of the chain-transfer
step is decreased, the ratio of non-rearranged to rearranged
product is increased. Thus, in a study of free-radical
additions to 3,3,3-trichloropropene at 80 00291t Was observed

that the yield of rearranged 1:1 aiduct decreased when the
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addend was changed from molecular bromine to thiophenol in
agreement with the known greater efficiency of the latter
addend as a chain-transfer agent.

The mechanism of similar 1,2-shifts of bromine has been
in dispute because the rearrangement step would be expected
to be in competition with the relatively facile elimination

of the R-bromine substituent to form unsaturated products,

i.e.

-&I;.__.{f_ > :c:< + Bre

53 34,35
However, Skell et. al.””“and others khave claimed that

such vicinal bromine shifts do occur via a non-classical

bridging bromine atom, e.8.

t-BuOCl
MeBCBr > Me2001CH2Br

™~ .
) .Megdf%:>bH2 //////22

The evidence cited in favour of briiged halogen intermediates

36
(or transition states) has been based on several grounds .

For example, the free-radical bromination of (+)-1-bromo-
2-methylbutane yielded as a single product 1,2-dibromo~-2-
methylbutane, of high optical purity, indicating the

intermediacy of a bridged species, which can isomerise to

37

the classical radical , i.e.
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r— -

%b Et/gr y
CHP@——CHeBr Br. CH3l>(,::"' C:Hz
: £,
i L‘Br _
%t E ,§r
CH =0 —CH,Br «———Brs /"“’c’:——én + HBr
r CH3

(optically active)

?t Eg,

c B e 9
CH3 l-—--CH2 T < == <770 CH,Br
Br

o
H
p

(racemic)

The photobromination of the corresponding chloride also gave
optically active product, but a much greater bromine
concentration was required for retention of stereochemistry.

Notably, with less reactive trapping agents, £.8. Cl2
or t-BuOCl, the optically active halides gave racemic
produc’cs37 38Which also indicates a limited lifetime for the
bridged halogen radicals, before isomerisation to the
classical radicals occur ..

However, such evidence of steric control has been
criticizengon the basis that alfhough a B-cyano group would
not be expected to be able to serve as a bridging group, it
was found that bromination of optically active 3-methylvalero-
nitrile gave optically active 3-bromo-3-methylvaleronitrile,

indicating that a bridged structure is not necessary for

retention of optical activity. Similarly, the selectivity
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observed under suitable conditions for aﬁstraction of a
hydrogen B- to a bromine atom, which has been attributed to
anchimeric assistance and the formation of a bridged radical
intermediate?4’4o’4qor a less symmetrical structure involving
weak interactions between the C-halogen bond and the radical
p-orbitalqz, may be explained by alternative mechanistic
pathways4 .

Although the mechanism of 1,2-halogen shifts is still
in doubt, it appears that if a non-classical bridged radical
intermediate is involved, it is best favoured by the heavier
elements, there being no evidence for bridging involving
first-row elements.

Under suitable conditions, for example when the
f-hydrogen abstraction step is an endothermic process and an
antiperiplanar configuration may be assumed, the development
of bridging may be simultaneous with development of radical
character. Once formed, the bridged radical may isomerise
to a classical radical, either before or after the
rearrangement step, or may exiét until chain-transfer occurs,
with the direction of opening being governed by the relative
stabilities of the rearranged and non-rearranged radicals.

Although the interpretation of the mechanism of vicinal
halogen migration involving an expanded valence shell would
preclude the occurrencé of a 1,2-fluorine migration, as

fluorine could not accomodate the extra electron, there has
y

been one report of an apparent 1,2-shift of fluorine , i.e.
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MezczNF + PF-
Me C(NF,), ——> Me,CNF,
MeCF:NF + Me-

The authors discounted the possibility of an elimination-
addition mechanism by claiming that hydrogen'abstraction
would occur preferentially with respect to addition, and that'
the driving force for the rearrangement stems from the
exothermicity45of the reaction.

(iii) Hydrogen shifts

In contrast to the ease of rearrangement of hydrogen via
1,2-shifts in cationic chemistry, there are no authenticated
examples of 1,2-hydrogen migrations in radicals.,

The trianguiar transition state for the vicinal
migration of a hydrogen atom would allow considerably 1ess
delocalisation of the unpaired electron than is the case for
phenyl or halogen shifts, and would be therefore much less
favourable : Furthermore, the migration of the light element
hydrogen is considered to lower the probability of a properly
orientated vibrational mode for rearrangement%

Both 1,3~ and 1,4-hydrogen migrations have been reported,
46,47

e.g.
[cH,CH,CD,C0,, ] 8 5 CH,oH,0D, — > CH,GH,CHD
5HM2%2%%l2 "oy 320D 2CH5CHD;

1]

. /
—> > — { \ — / \
Z\\\ ) CH,, H/p—o CH C=0
0 0
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However, examples of such shifts are relatively rare and

rearrangement has not been observed in certain cases where
48
it would be expected, e

, Y4 S o
M320H0H20H2 77 > Me2CCH2CH

49
Reutov has suggested that 1,3-hydrogen migration only

3

occurs when the transition state for rearrangement has a high
degree of symmetry although the factors'affecting 1,3~ and
1,4-hydrogen migrations are still in éonsiderable doubt.

In contrast to the small number of examples of 1,3- and
1,4-hydrogen migrations, there are numerous examples of 1,5-
hydrogen shifts. One explanation that has been proposed is
that intramolecular hydrogeq transfer requires that the
attacking centre and the bond under attack approach
colinearity as in radical displacement reactions?OWith 145-
hydrogen migrations a distorted six-membered ring transition
state becomes possible which allows an approach to colinearity

51
among the three atoms involved in the transfer step, e.g.

pre— —

Although hydrogen migrations involving larger ring
transition states (e.g. 1,6-shifts) should allow even more
colinearity in the transition state, the probability that the
preferred conformers for such shifts would exist long enough

for them to occur decreases with increasingAchain length.
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As expected, the extent of hydrogen migration in a given
system is markedly dependent on the nature and concentration
of chain-transfer agent. For example, it was found that in
radical addition to cyclo-octene the yield of rearranged
product decreased on changing the addend from carbon tetra-
chloride to trichloromethanesulphonyl chloride to bromotri-
chloromethanquwhich Parallels the increasing efficiency of
the addends as chain-transfer agents.

There are numerous examples of 1,5-hydrogen migrations
from carbon to oxygen in the literature. The ggst example

is perhaps the well known Barton reaction, e.g.

OoN H H H H
\C/ . \T{H OH
R R
e | | L\\\v///J
— = l + NO
products

The driving force for 1,5-hydrogen migration from carbon to
oxygen is greater than that for—the analogous shift to carbon
as the new O-H bond is stronger than the C-H bond which is
broken. As in carbon to carbon hydrogen migrations, 145~

shifts are the most common although in some cases 1,6-hydrogen

53, 54
migration may compete with the 1,5-hydrogen shift, ’

55

The Hofmann-Loffler-Freytag reaction involves the

homolytic migration of hydrogen from carbon to nitrogen,
56
Once again, 1,5~hydrogen migration is generally favoured, e.g.
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+ H
n-Bu,NE Cla s n-BuN-c1 —HaS% s 'n-Buzl\<c
n L

: l

. . + +
C-C-C-C-NH,-n-Bu <——— JJ-C-C-C—NH-E—Bu + Cl-

+

-C-C~C-NH,-n-Bu

OH

-n-Bu

v

although in certain cases 1,6-hydrogen transfer may become

57

important .

(iv) Acyloxy shifts

Acetoxy groups may undergo homolytic 1,2-shifts, e.g.

Ac

MeZCCH2° : > MeeCCHZOAc
\~ Iﬁe ] /

The driving force for the rearrangement is the formation of
a tertiary radical from a primary radical. The mechanism of
the rearrangement step is believed to occur via a five-
membered intermediate (or transition state) rather than by
an elimination-addition pathway as added isobutylene was
without effect in the process.

Interestingly, a corresponding 1,3%-acetoxy shift (which
would involve a six-membered ring species) was not observed

- 58,59

in cases where it might have been expected.
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(v) Alkylthiyl- and arylthiyl-shifts

Thiols can undergo rearrangement under suitable free-
radical conditions. As in halogen migrations, a bridged
transition state (or intermediate) in which sulphur has
undergone octet expansion to accommodate the extra electron;

is probably involved, i.e.

SN

However R-thioalkyl radicals readily undergo B -scission,
, 62
particularly at elevated temperatures, and the rearrangement

may conceivably occur via an elimination-addition process,

iR R
-? G~ >:c:c< f SR —> -—-c’i—-

i.e.

Under conditions where a 1,2-phenyl sh'ft is in
competition with a 1,2-thiophenyl shift, the latter group has
63

been shown to migrate preferentially, .8

3-?—CH2Ph

|
CHB-?-CHz- 77 SPh
SPh \\\\\\““--\\<>~ ih

CHB-.-CHesPh

Ph CH

This has been attributed to the fact that sulphur can expand
its octet, whereas the three-membered ring species involved

in a 1,2-aryl shift involves loss of aromaticity of the aryl
group.

However, the situation is not so simple as this since
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even if the rearrangement occurs purely via an intra-
molecular mechanism, the radical resulting from rearrangement
of the thiophenyl group cannot be expected to have the sane
stability as that resulting from a 1,2-phenyl shift.

(vi) Vinyl shifts

Vinyl groups have been reported to rearrange via 1,2-
64
shifts, e.g.

? R
Me—?~CH:CR2 > Me—?'

The migration is considered to proceed via a bridged inter-

mediate cyclopropylcarbinyl radical, i.e.

— —

N/

\C/
~: |- \/é\/ >g :
A= | | = G::
b J
Consecutive cyclisation and fragmentation frequently
leads to net migration of vinyl groups in substituted homo-
allylic radicals, particularly when the structural features

3,21
favour rearrangement, ..

e~y =iy
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(vii) Trialkylsilyl shifts

The vicinal migration of the trimethylsilyl group has

65
been reported to occur at high temperature, i.e.

o . 600 °¢c . . .
M658131M820H2 > SﬂM62CHZSIMe5

An unprecedented 1,3-shift of the trimethylsilyl group
' 66

has been claimed in the oxidation of compound (3) , i.e.

OH . OSiMe3
SiMe3 SiMe3 .
KgFe(CN26 s

(3)

The formation of the strong Si-O bond is probably the driving

force for this rearrangement.

C. Intramolecular fragmentations

Cyclopropyl radicals do not generally undergo ring
opening even though relief of ring strain and the formation of
an allylic radical would result. Ring opening has been
observed, however, with certain substituted cycloprdpyl

radicals which give rearranged radicals which are resonance

67
stabilised, e.g.

. Br *
F SnB E HSnB E
* 1°! i nSu
PE N 2 p ? p

HSnBu-

Phgc:CHCH2° ————3%> Ph,C:CHCH

2 3
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As expected, the yield of ring-opened acyclic product
increased on dilution of the reactants and on increasing the
reaction temperature.

In contrast, cyclopropylmethyl radicals readily rearrange

via ring opening to give homoallyl radicals, i.e.

D—c% . > CH,: CHCH ,CH,*

The homoallyl radicals may themselves rearrange via cyclo-

propylcarbinyl radical intermediates, leading to the net
migration of a vinyl group (p. 21).

The driving force for the rearrangement is the relief of
ring strain in the cyclopropyl ring, and the equilibrium
between the cyclic and ring—opéned radicals generally favours
the acyclic species, except in cases where the cyclised
radical is particularly stabilised. Significant yields of
non-rearranged products may be obtained, however, by the
addition of efficient chain-transfer agents, such as thiols?1

The fragmentation of cyclobutyl radicals is very much
less facile than that of cyclopropylmethyl radicals and the
energy of activation for such fragmentation is reported to be
ca. 75 kJ/molG.)8

Cyclobutylcarbinyl radicals, however, have been shown
to undergo intramolecular fragmentation under suitable

69
conditions, e.g. (where X= Br,or Cl)
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CH SR

RSH

Once again the driving force for the rearrangement is
believed to be the relief of angular strain in the cyclo-
butane ring which accompanies ‘the rearrangement, and the
formation of a tertiary radical from a secondary radical. As
expected, the extent of rearrangement is dependent on the-
temperature7? and with an efficient chain-transfer agent,
such as thiolacetic acid, only non-rearranged products are

69

obtained.

D. Cyclisation

The cyclisation of hex-5-en-1-yl and related radicals to
form five- and six-membered ring radicals has been the
subject of considerable research. In cases where closure to
both five- and six-membered ring radicals can occur, the
kinetic preference is for the former, while the thermodynamic
preference is for the latter. When the acyclic radical is

71
stabilised, the cyclisation becomes reversible and the
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proportion of stabler six-membered ring species increases,

i.e. (where X= H, Ph, or COZEt)

e
CH2

The effect of the substituent (X) on the ratio %ﬁ five- and
six-membered ring products is shown in Table 4.
TABLE 4

Relative amounts of five-~ and six-membered products

in the cyclisation of CH.:CHCH.CH.CH.CHX

Substituent (X) | Five-membered | Six-membered Reference
product (%) product (%) .

H 100 "0 72
Ph 92 8 73
COEt 56 4oy Y

The cyclisations of but-3-en-1-yl (homoallyl) and pent-
4-en-1-yl radicals have been studied in less detail. Homo-
allyl radicals are formed reversibly by fragmentation of

cyclopropylmethyl radicals, i.e.




- 26 -

——
D-CHE . e — CH.: CHCH,CH,, -

In most cases the equilibrium lies far to the right, although
products containing the cyclopropyl ring may be formed in the
presence of an efficient chain-transfer agent. Vhen the.
cyclised and ring-opened radicals are highly stabilised, as in
radicals (4) and (5), the energy barrier between the two
species 1s reduced and both ring-opened and cyclic products

are obtained , i.e. (where RH= cyclohexa-1,4~diene)

CHBCHECH:CPhE

R’ (450%)

[ ] L ] .
| CPh2 pr— CH,CH,CH: (?Ph

2<_RH
(4) (5) \
R
1|
CHPh2 oh

(15%) (11%)

Cyclisation may occur with radicals in which the stereo-
chemistry favours such reaction, as is found with various

radical additions to norbornadiene, i.e.



The extent of rearrangement depends on whether the equilibrium
can be established in the reaction environment, and as
expected, the yield of rearranged nortricyclane product is
reduced in the presence of efficient chain-transfer agents
such as thiols.

No instances are known in which a homoallyi radical
cyclises to a cyclobutyl radicél, although such rearrangementi
would result in the formétion of a secondary radical, and it
is therefore considered that the transition state for such a
process is particularly unfavourable.

The cyclisation of pent-4-en-1-yl radicals is apparently
less favourable than that of hex-5-en-1-yl radicals and
significant yields of cyclised products are only obtained
when the molecule contains structural or electronic features
which could favour the cyclisation process. An interesting
example of a molecule in which the structure particularly
favours cyclisation is cyclo-octa-1,5-diene, radical addition

76
to which results in the formation of bicyclic products, i.e.
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Cl

CHC1., <

N

(37%)

No instances have been reported in which pent-4-en-1-yl

radicals cyclise to cyclobutylmethyl radicals.

Bistrifluoromethylamino-oxyl

: 77
The oxyl (6), first reported by Haszeldine , Makarov and

78 -
co-workers , and Blackley and Reinhard , exists as a stable

free radical at room temperature and has the structure (6).

CFs
‘ \\S;N————O-
CFB//

(6)

It is a purple gas (b.p. -20 °C) which on cooling condenses
to a brown liquid and finally to a yellow solid (m.p. ca.
-70 °C), and may be prepared by the oxidation of NN-bistri-
fluoromethylhydroxylamine using a variety of oxidising
agents including fluorine, silver(1) oxide, potassium
permanganate, and cerium(1V) sulphate.

In common with other nitroxyls which do not contain
any o-hydrogen atoms, the oxyl does not undergo dispropor-
tionation even at temperatures up to 200 °C, but the

80
compound decomposes to a 1arge extent at 350 °C .



- 29 -

81
Extensive work in this department has shown that the

oxyl (6) reacts with olefins to form 2:1 adducts, €.g.

(CF3) N0+ + CH,:CH, > (CFy),NOCH,CH,*
(CF3),NOCH,CH,*  + (CF3),NO» ——— (CF3)2N00H20H20N(0F3)2

It was also found that the oxyl (6) reacts faster with
tetrafluoroethylene than with ethylene and it was initially
believed that this indicated that the oxyl has nucleophilic
character. However, subsequent work on the relative rates
of reaction of the oxyl with a series of olefins has shown
that the oxyl feacts faster with electron-rich olefins and
that the result with tetrafluoroethylene was atypical?2 It
is therefore now believed thaf the oxyl has electrophilic
character.

The oxyl reacts with organic substrates by abstraction

of hydrogen followed by scavenging of the resultant radicals,

e-g-

(CF5>2NO' + PhCHB 4 (CF5)2NOH + PhCH2‘

PhCH2' + (CF5)2NOO ? (CF5)2NOCH2Ph

As expected, the ease of hydrogen abstraction decreases in
the order tertiary:>secondary:>pfimary. 82

A study of the reaction of the oxyl with alkanes
showed that 1,2-disubstitution products were formed as well
as the expected monosubstitution product, particularly with

branched alkanes, e.g.
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MeBCH + 4(CF3)2NO- > (CF3)2NOGMe20H2ON(CF3)2

+ 2(CF5)2NOH

When the reaction was carried out in carbon tetrachloride
solutionsait was found that the yield of disubstitution
product increased at the expense of the monosubstitution
product. Evidence was obtained which showed that this
reaction involved hydrogen abstraction by the oxyl to afford
the alkene, Me2C:CH2, which then underwent addition by the
oxyl to give the observed 1,2-disubstitution product.

It was also found that further reaction of the oxyl

with the monosubstitution products gave ester-type products,

-g-
CHBCHEON(CFB)E + 5(0F5)2N0'r——“——‘—9 (CF3)2NOCOCH5

+ 2(CF3)2NOH + (CF3)2N'

The reaction is considered to involve a radical mechanism via

one or both of the steps outlined below, i.e.[ﬁhere R=

(CF5)2N0]

/ON(CF3)2 /o (CF3),
): R >>c)‘ —— C=0 + (CFz)Ne (1)

\H (-RH)

ON(CF5). ON(CF) N(CF)
N e SN
/

/C\H (—rq) >~ (ii)

~N(CF3),

\
/C=O + (CF5)2NON(CF3)2
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WVhere an allylic hydrogen is available for abstraction,

the allylic substitution product may be formed rather than
82,84

the 2:1 adduct e.g.
’ ON(CF3),

MezCHCH:CHa + (6) —> M62 CH:CH2

+ Me2C:CHCH20N(CF3)2
CH2:CHSiMe2H + (6) —m— CH2:CHSiMe20N(CF5)2

In the reactién of the oxyl with isobutane in carbon
tetrachloride solution the yield of allylic substitution
product increased as the concentration of reactants
decreaseds? It was considered that this was because addition
of the oxyl to the alkene intermediate Meac:CH2 was
reversible, whereas hydrogen abstraction was not, and
consequently the yield of allylic substitution product

increased as the concentration of reactants decreased, i.e.

[Where R= (CF5)2NO ]

. R - LN o

Me20.0H2 < > Me200H2ON(CF3)2
R(~RH)

e m o R R

CHg-?-CHe rd (CF5)2NOCH2CMe:CH2
Me

The reactions of the oxyl with perfluoroalkynes and

acetylene have been investigated and found to give o ,B~

85
dicarbonyl compounds , e.g.

. ) ¢ n .. LN
4(CF5)2NO + CT3C.CCP3 > CFBCOCOCFB

+ 2(CF NON(CF3)2

32
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86
Reaction of the oxyl with the elements mercury, lead,
80 87 88
tin, selenium, and bismuth yield crystalline salts of

formula (CF3)2NOMON(CF§)2. The salts of sodium, arsenic,
and bismuth are also formed by the radical displacement
reaction of the oxyl with the appropriate metal halide?8

The mercury and sodium salts are useful in the synthesis

86,89
of amino-oxy substituted organic compounds, ’ .8

Me;SiC1 + [(CF;) N0| Hg ~ ———>  (CF) NOSilMe,

NaON(CF5)2 + CHBI —_— (CF5)2NOCH3

Perfluoro(2,4-dimethyl-3-oxa-2,4~-diazapentane)

Perfluoro(2,4-dimethyl-3-oxa-2,4-diazapentane) (7) was
first prepared by Haszeldine and Tippinggoby irradiation of
gaseous tris(trifluoromethyl)hydroxylamine. The proposed
mechanism involved N-O fission and subsequent attack of
(CF3)2N- radicals on the hydroxylamine at oxygen with

displacement of a CFB- radical, i.e.

U.Ve .
(CF5) ,NOCF, > (CF5)pN- + OF30

(CFg)N* + (CPy)NOCFy ————>  (CF5),NON(CFz), + OFy-

(7

81
It has since been reported that reaction of the oxyl

(6) with trifluoronitrosomethane gives the oxadiazapentane
(7) in high yield (ca. 99%). The suggested mechanism
involved radical attack on the nitroso compound at nitrogen,

i.e.
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O-.
I
(CF5)2NO' + CFBNO —_—> CF3NON(CF3)2 _— (CF§)2N°

+ CF NO2

5
(CF5)2NO' + <CF3)2N' _—> (CF3)2NON(CI=‘5)2
The oxadiazapentane (7) is a colourless liquid (b.p.

48-49 °C) which slowly decomposes at room temperature to give

the oxyl (6) and the corresponding hydrazine, i.e.

(CF3)2NON(CF5)2 > (CF3)2NO- + (CF3)2N'
2(CF3)2N- > (CF5)2NN(CF3)2
The oxadiazapentane (7) reacts with olefins to form 1:1
90-92
adducts,

CF2:CHF + (CF5)2NON(CF3)2 ——— (CFB)ENCHFCF2ON(CF5)2
(80%)

+ (CF5)2NCF2CHFON(CF3)2

(20%)

93
although with an excess of olefin, polymers may be formed.

With unsymnietrical olefins the (CF5)2N group becomes prefer-
entially attached to that carbon atom of the olefin known to
be more susceptible towards free-radical attack. The reaction

with olefins is believed to involve a radical chain mechanism,

i.e,
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(CF5)NON(CF3), > (CFz) N + (CFj),N0-

(CF) N + >C:i0 — ————> (CP5) NG~

1}7)

(CF5 ) NC-GON(CF5)
+ (CF5)2N- —> etc.

The remarkable aspect of such additions is the apparent
exclusive attack of the intermediate radicals (CF3)2N¢-¢-
at the oxygen atom of (7) in the chain-transfer step.

With suitable olefins, e.g. CHR:CHR', a mixture of the
erythro- and threo-adducts is formed, thus indicating that
addition does not involve a four-centre transition state.

Where an allylic hydrogen atom is available for
abstraction the allylic subsgitution product may be formed,

together with the 1:1 adduct , e.g.

MeCH:CHSlCl5 + (CF3)2N'-———————9 CH20H:CH81013 + (CF3)2NH

CH20H:CHSiCl5 + (7) (CF3)2N00H2CH:CH81013

The (CF3)2N- radical is believed to be highly electro-
philic and comparable to the CF5' radical although being

92
bulkier it is more subject to steric effects.
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The purpose of this work was to study the reactions of
bistrifluoromethylamino-oxyl (6) and perfluoro(2,4-dimethyl-
5-oxa-2,4~diazapentane) (7) with certain organic compounds
with respect to free-radical rearrangements. Although any
classification of free-radical rearrangements is rather
arbritary as a certain amount of overiap is bound to occur,
the discussion has been broadly divided into four main areas;
A. 1,2-Shifts
B. Intramolecular fragmentation
cC. Cyclisation'

D. Allylic migration

A. 1,2-Shifts

1. Halogen migration

True examples of halogen migrations are mainly limited
to 1,2-shifts of chlorine. The transition state involved in
the rearrangement step requires an octet expansion to
accomodate the extra electron and so precludes the 1,2-shift
of fluorine. The rearrangements of bromoalkyl radicals are
complicated by their intermolecularity, i.e. they may occur
via an elimination/addition process, due to the ease of the
B-scission of bromine, and as a result there are relatively
few authentic examples of the intramolecular rearrangement
of bromine.

The radical intermediates in this study wereé generated -
by the reaction of the oxyl (6) with (a) halogenoalkanes,
where hydrogen abstraction by the oxyl on compounds of type

CHECX< gave a primary radical, i.e. (where X= Br or Cl)
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X X
l .|
(CF5) N0« + OH5¢— > CHE— (CF3) ,NOH

and (b) chloroalkenes, where the addition of the oxyl (6)
generated a secondary or tertiary radical depending on the

nature of the group Y, i.e. (where Y= H or Me)

(CF5)2NO‘ + CHaz?CCls —_— (CF3)2NOCH2?0013
Y Y

The reactions were carried out in the dark using neat
mixtures of the oxyl and the halide, and in certain cases,
the experiments were repeated in the gas phase.

As a comparison several reactions were carried out with
the oxadiazapentane (7), again using neat mixtures of
reactants.

The 19F n.m.r. spectra are recorded in p.p.m. relative
to CFBSCHecHBrCHeBr reference, and are followed by the
approximate shifts relative to T.F.A. reference at 0.0 p.p.m.,
except where stated.

(a) The reactions of the oxyl (6) with halogenoalkanes

(i) Jith t-butyl bromide

A 2:1 molar mixture of the oxyl and t-butyl bromide on
reaction at room temperature (30h) gave NN-bistrifluoromethyl-
hydroxylamine (41% based on oxyl), unchanged t-butyl bromide
(25¢% recovered), several minor unidentified products,
1,2-bis(¥N-bistrifluoromethylamino-oxy)-2-methylpropane (8)
(10% based on consumed alkane), 4,2,5-ﬁri(§§-bistrifluoro—
methylamino-oxy)-2-methylprovane (9) (10% based on consumed
alkane), 1-(NN-bistrifluoromethylamino-oxy)-2-bromo-2-

methylpropane (10) (33.5% based on consumed alkane),
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1,2-bis(FN~bistrifluoromethylamino-oxy )-3~-bromo-2-methyl-
propane (11) (15.5% based on alkane) and 1,2-dibromo-2-
methylpropane (12) (26.5% based on alkane).

& 3
(CF5) NOCH,CCH, (CF 3) ,NOCH,CCH,ON(CF3)

ON(CF3), ON(CF3),

(8) (9)

CHy CH

(CF3) oNOCH,CCHy (CF3) 2NOCH2(IJCH2BI' CH,BrC(CHy ) ,Br
r ON(CF5)2
(10) (11) ' (12)

The three amino-oxy.derivatives (9-11) were identified
by elemental analysis and the spectroscopic data outlined
below. The other compounds are known_compounds [pompound
(8) having been made previously by the reaction of the oxyl
(6) with isobutene82J, and were identified by a comparison
of their i.r., n.m.r., and mass spectra with those of
authentic samples.

2,3-Tri(Nl-bistrifluoromethylamino-oxy)-2-methylpropane (9)

The i.r. spectrum of the compound showed absorptions
typical of an amino-oxy substituted alkane at 3%.31-3.45
(C-H str.), 7.69-8.30 (C-F str.), 9.41 (C-O-N str.),10.35
(C-N str.), and 14.08 (CF3 def.)um.

The 'H n.m.r. spectfum showed absorptions at<§-6 O (3H,
s),-3.25 (2H, AB, J=11Hz), and-3.15 (2H, AB) p.p.m.(:ﬁggsﬁgxfe )

to the methyl protons and to the methylene protons in the
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two _CH20N(CF3)2 groups, respectively. The non-equivalence
of the methylene protons in each group is probably due to
hindered rotation of the bulky amino-oxy groups.

The 19F n.m.r. spectrum showed two singlet absorptions
at § -7.5 and -9.5 p.p.m. (relative to T.F.A.), integrated
intensities 2:1, assigned to the fluorines in the two
—GHeoN(CF3)2 groups and in the fCON(CF5)2 group, respectively.
) The mass spectrum. showed peaks at m/e 391 {1.5%,
[1_\2—(CF3)2N0]+}, 377 {_5%, [I_»;-CH20N(CF5)2]+}, 223 (1%,
CgHoFeNO"), 182 [12%, - CH,0N(CF3), +], and 69 (35%, OF;").
1-(M-bistrifluoromethylamino-oxy)-2~bromo-2-methylpropane

10)

The i.r. spectrum of the compound showed only that it
was an amino-oxy-substituted alkane.

/‘

The H n.m.r. spectrum showed singlet absorptions at $

-5.7 and-3.9 p.p.m(rf‘t?g%et'gg%c—a%légb;b;?tensitiess 3:1, assigned
to six methyl protons and the protons in a-CHQON(CFB)2 group,
respectively, while the 49F n.m.r. spectrum showed a singlet
absorption at § -11.3 p.p.m. (relative to T.F.A.), assigned
to the fluorines in an amino-oxy group.

Confirmation of théﬁg;érranged structure was obtained
from the mass spectrum which showed peaks at m/e 303 (34%,
"), 288 [5%, (u-cH;)*], 222 [3.5%, t-r)*], 182 {4x,
[CH,ON(CF5),]* ]y 135 (2%, GyHgBT*), and 121 (7%, C5H Br').
1,2-Bis(IN-bistrifluoromethylamino-oxy)-3-bromo-2-methyl-
propane (I1)

The i.r. spectrum of the compound showed only that it

was an amino-oxy-substituted alkane.
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1H n.m.r. spectrum showed absorptions at’£ 1.35

The
(3H, s), 3.27 (1H, AB, J= 11Hz), 3.43 (1H, AB), and 4.14
(a1, s) p.p.m., assigned to a --CH3 group, the two non-
equivalent protons in a -CH,Br group, and a —CH20N(CF3)2
group, respectively.

The 19F n.m.r. spectrum showed a singlet at § 42,37 (6F)
and a broad singlet at 40.56 (6F) p.p.m. (relative to
D-CF,C18C.H,Cl), assigned to the fluorines in the
~CH,ON(CF5), and 7\CON(CF5)2 groups, respectively.

The mass spectrum showed peaks at m/e 377 [ﬁ%, (M—CHZBr)ﬂ
302 {3%, [M-ON(CF3)2]+}, 288 {10%, [M-CHeoN(CF5)2]+}, 182
[3%, CHEON(CF5)2+], 93 (gvyso, CH,Br"), and was identical to
that previously reported.

The formation of the products may be explained by the
mechanism outlined in Scheme 1. Initial hydrogen abstraction
by the oxyl gives intermediate (13) which may be scavenged
by the oxyl to give the non-rearranged product (10).

Alternatively, an intramolecular 1,2-shift of bromine
may occur to give the relatively more stable intermediate
(14)(route 1). The isolation of the 1,2-dibromo-(02)- and
1,2-bis(amino-oxy)-(8)-adducts, however, suggests that an
intermolecular mechanism, involving the elimination and
addition of bromine (route 2) occurs to a considerable
extent.

None of the monosubstituted rearranged isomer (15) was
detected in the reaction products, indicating that rather
than couple with the oxyl, the rearranged intermediate (14)

preferentially undergoes further hydrogen abstraction by



the oxyl to give the bromo-olefin which is then scavenged by
the oxyl to give the disubstituted product (11).

However, a previous investigation of the reaction of
the oxyl with isobutylbromide, which presumably involves the
intermediate (14), has been reported9 to give the mono- (15)

and bis(amino-oxy)- (11) adducts in the ratio ca. 8:1, i.e.

EMhere R = (CF5)2N0]

?H; H; . ?H3 ?HB
CH CCH Br CH CH Br ——— CH,CCH,Br + CH,CCH,Br
l j 2 3 2 | 2| 2
H R R
(14) (15) (78%) (11) (10%)

As no products arising from loss of bromine were
reported, the assumption that intermediate (14) is common to
both reactions may not be valid.

A more accurate description for the intermediate
involved may be the bridged structure (13a), the rate of
formation of which would be expected to be slower from the
tertiary radical (14) than from the relatively less stable
primary radical (13).

The tri(amino-oxy)-substituted product (9) is probably
formed via B-scission of bromine from the intermediate (16e),
giving the monosubstituted olefin which is then further
scavenged by the oxyl. An alternative mechanism involving
allylic hydrogen abstraction by the oxyl on the isg%utene
formed in situ is less probable, as the concentration of
olefin is unlikely to be very high, and therefore abstraction

is unfavoured.
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Reaction of the oxyl with t-butyl bromide

MechrCH

y (10)

Re ¢

R

Br \B'r
route
(13) 1. (13a)
rout —Rr. l
2. 1( Br-)
Br- .
Me20:CH2 —_— MeECCHaBr —,—> MegcRCHaBr
14 1
o5 e, (14) (15)

(8) (12) JR

. Re
RCH,CHeCH,Br — RCH,CMeRCH,Br
(16) (11)

J(-Br°)

RCH20T‘.’[e : CH2

*

> RCH,CMeRCH,R
(9)

Scheme 1. [Where R = (CF5221¢0]
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(ii) With t-butyl chloride

The reaction of a 2:1 molar mixture of the oxyl and
I-butyl chloride at room “emperature (13d) gave hydrogen
chloride (ca. 61% based on consumed alkane), NN-bistrifluoro-
nethylhydroxylamine (ca. 13% based on oxyl), unchanged
t-butyl chloride (30% recovered), several unidentified
products, 1,2-(NN-bistrifluoromethylamino-oxy)-2-methyl-
propane (8) (37% based on consumed alkane), 142,3-tri(NN-
bistrifluoromethylamino-oxy)-2-methylpropane (9) (8% based on
consumed alkane), and 1,2-bis(NN-bistrifluoromethylamino-oxy)-

3>-chloro-2-methylpropane (17) (3.5% based on alkane).

CHy
(CF3) ,NOCH,CCH,C1
ON(CF5),
(17)

The disubstituted chloroalkane (17) was identified by
the spectroscopic data outlined below. The bis- and tri-
(amino-oxy) products (8) and (9) were identified by
comparing their i.r., n.m.r., and mass spectra with those
previously obtained (see p. 36).
1,2-bis(NN-bistrifluoromethylamino-oxy)-3-chloro-2-methyl-

propane (17)

The i.r. spectrum showed only that the compound was an
amino-oxy-substituted alkane with absorptions at 3.33-3.42
(C-H str.), 7.66-8.26 (C-F str.), 9.38 or 9.49 (C-0-N str.),

10.31 (C-N str.), and 13.97 (CF3 def.) _um.

/l

The 'H n.m.r. spectrum showed absorptions at § 1.22
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(3H, s), 3.32 (1H, AB, J= 12Hz), 3.44 (7H, AB3), and 4.03
(2H, s) p.p.m., assigned to a -CH3 group, the two non-
equivalent protons in a —CH201 group (adjacent to an
asymmetric centre), and the -CH20N(CF3)2 group, respectively,

The 19F n.m.r. spectrum showed a singlet at $ 42.65
and a broad singlet at 40.82 p.p.m. (relative to
B-CF201806H401), integrated intensities 1:1, assigned to the
flucrines in the —CH20N(CF3)2 group, and the relatively more
hindered-—,\CON(CFa)2 group, respectively.

The mass spectrum was virtually identical to that
reported by O'Connorgsand showed peaks at m/e 411 [ﬁ%,
(u-0u5)" ], 377 [9%, (u-cE,c1)*], 258 { 12%, [M-(CF5)2NO]+]y
244-{16%, [gf(CF3)2N00H2]+}, 182 [16%, (CF3),NOCH,*], and
49 (14%, CH,CL™).

The product mixture was rather more complex than that
obtained from the bromide, but the isolaticn of the 1,2~
bis(amino-oxy) adduct (8) indicates that a similar mechanism
occurs, involving an elimination/addition pathway, with the
free chlorine competing with the oxyl as a chain carrier in
the hydrogen-abstraction step. Although the elimination of
chlorine from an alkyl radical is generally less favourable
than for bromine, particularly at room temperature, it
appears th2at this behaviour is common in the reactions of
the oxyl with chloroalkanes (e.g. 2,2-dichloropropane and
2-chloro-2-phenylpropane; see later p. 44 and p. 47)

The products (9) and (17) are postulated to arise via
a mechanism similar to that suggested for the bromide, i.e.

[Scheme 2; where R = (CFy),N0 ]



Re -Cle . 2Re
Me5001 (:§379Me200H2 —_— Meec.CH2 _ MeecRCHaR
1 (8)
Cl-
Me200H201
R-(-RH)
N
CH2:CMeCH201
Ro
\f. R
RCH2CI.IeCH201 > RCHszeRCH201
o1 (17)
L’ 2R.
RCH2CMe:CH2 —_— RCH2CMeRCH2R
(9)
Scheme 2

(iii) With 2,2-dichloropropane

A 2:1 molar mixture of the oxyl and 2,2—dichloroprppane
on reaction at 70-80 °C (784) gave a lower-boiling fraction
which contained hydrogen chloride, Eg-bistrifluoromethylaﬁine,
and carbon dioxide, and a higher-boiling mixture which
contained NN-bistrifluoromethylhydroxylamine (ca. 32% based on
oxyl), unchanged chloride (ca. 50% recovered), five
unidentified products, 1,2-bis(NN-bistrifluoromethylamino-
oxy)-2-chloropropane (18) (ca. 24% based on consumed alkane’),
and a compound tentatively identified as 1-(lIN-bistrifluoro-
methylamino-oxy)-2,2-dichloropropane (19) (ca. 42%). The
i.r.'spectrum of the higher-boiling mixture showed absorptions

in the region 5.45-5,85 (C:0 str.) _um.
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1 c1
(CF5)2NOCH2fCH3 (CFB)éNOCH2CCH5
ON(CF5), 1
(18) (19)

The reaction was repeated at room temperature (440d4),
again using a 2:1 molar mixture of the oxyl and the chloride
and gave hydrogen chloride, NN-bistrifluoromethylamine,
Eg-bistrif1uoromethy1hydroxylamine, unchanged chloride, two
unidentified products, 1-(WN-bistrifluoromethylamino-oxy)-
2,2-dichloropropane (19) (cas 38%) and 1,2-bis(NN-bistri-
fluoromethylamino-oxy)-2-chloropropane (18) (ca. 40%). Once
again the i.r. sbectrum of the higher-boiling mixture showed
a strong absorption in the region 5.45-5.85 (C:0 str.)_s«m.

The bis(amino-oxy)-adduct (18) was identified by
elemental analysis and the spectroscopic data outlined below.
The monosubstituted product (19) was isolated contaminated
with unchanged dichloropropane, and was identified from
spectral data obtained on the two-component mixture.

1,2-bis(NN-bistrifluoromethylamino-oxy)-2-chloropropane (18)

The i.r. spectrum showed absorptions at 3.33-3.46 (C-H
(C-N str.), and 14.03 (CF5 def.) «tm.

1H n.m.r. spectrum showed absorptions at S 1.68

The
(3H, s), 3.96 (1H, AB, J= 10Hz), and 4.14 (1H, AB) p.p.m.,
assigned to the —CH5 and the non-equivalent protons in the
-CH20N(CF5)2 group, respectively. The 19F n.m.r. spectrum

showed (i) a singlet absorption at 5 30.09 (-7.2) p:ip.m., end



(ii) two quartets at<£ 27.6 (-9.7) and 26.9 (-10.4) p.p.m.
(J= 11Hz), integrated intensities 1:1, assigned to the
fluorines in the -CH20N(CF5)2 group and the non equivalent
CF3 groups in the (CFB)ZNOCQ-group, respectively.

The mass spectrum showed peaks at m/e 377 B%, (M-Cl)+],
244-{20%, [m-(CF3)2N0]+}, 230 [6%, [M-(093)2N00H2]+], 209
(1%, C5H5F6NO+), 182 [1%, (CF3)NOCH,*], and 76 (7%, C5H5C1Y).
1—(NN—bistrifluoromethylamino-oxy)-212-dichloropropane (19)

The i.r. spectrum of the compound was not recorded,.
since 1t could not be obtained pure.

The L

H n.m.r. spectrum showed absorptions at S 1.91
(3H, s) and 4.12 (2H, s) p.p.m., assigned to the -CH5 and
—CH201\T(CF5)2 group, respectively. A singlet absorption was
observed in the 49F n.m.r. spectrum at & 29.1 (-8.2) p.p.m.,
typical of the fluorine; in an amino-oxy group.

The mass spectrum showed peaks at m/e 263 ( 1%,
C,HCL,FNOY), 243 [7%, Qu-HC1)*], 182 [1%, (CF3)NocHS |,

111 (77%,05H5C1,"), 97 (100%, CH5CL,T), 75 (71%, C5H,C1Y),
and 69 (91%, CF3+).

Although the yields of hydrogen chloride were not
determined, the formation of the dehydrochlorinated adduct
(18) indicates that loss of chlorine occurs to a considerable
extent both at 70-80 °C and at room temperature.

The presence of NN-bistrifluoromethylamine and a carbonyl
absorption in the i.r. spectra of the higher-boiling mixtures
indicate that further attack of the oxyl at C, probably

occurs; such further attack of the oxyl to form carbonyl

products is common in the reactions of the oxyl with
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relatively unreactive alkanes, i.e. [Where R = (CF3)2N0 ]

R’ (cl') LN '}
Me20012 “RE (-HCL) MeCClch2
MeCCl2CH2R MeCCl:CH2
(19)
R. 2Re
MeCClROHER
MeCCl2
ON(CF3)2 (18)
+ (CF3)2N-

(iv) With 1,1,1-trichloroethane

The reaction of a 2:1 molar mixture of the oxyl and
1,1,1-trichloroethane gave ca. 95% recovered trichloroethane
after storage at room temperature (260d) and at 70-80 °c
(240d4), probably due to the low reactivity of the primary
hydrogens towards the electrophilic oxyl.

(v) With 2-chloro—2-phénylpropane

A 2:1 molar mixture of the oxyl and the chloride on
reaction at room temperature (35min) gave hydrogen chloride
(97.5% based on consumed chloride), NN-bistrifluoromethyl-
hydroxylamine (12.5% based on oxyl), NN-bistrifluoromethyl-
amine (trace), unchanged 2-chloro-2-phenylpropane (32.5%
recovered), several minor unidentified products, and
1,2-bis(NN-bistrifluoromethylamino-oxy)-2~phenylpropane (20)
(78% based on consumed chloride), which was identified by

elemental analysis and the spectroscopic data outlined below.
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o
CHCCH,0N(CF5 ),
N(CF3),

(20)

The i.r. spectrum of the major product (20) showed
absorptions at 3.22-3.47 (C-H str.), 6.24-6.92 (C:C str.),
7.72-8.30 (C-F str.). 9.46 (C-0-N str.), 10.37 (C-N str.),
13.04 (C-H def.), and 14.39 and 14.12 (CF3 def. and/or C-H
def.) «m.

qH n.m.r. spectrum showed absorptions at § 1.47

The
(3H, s), 3.75 (1H, AB, J= 10Hz), 4.01 (1H, AB), and ca. 6.94
(5H, ¢) p.p.m., assigned to the ~CH; group, the two non-
equivalent protons in the éCHgoN(CFa)2 group, and the Ph
group, respectively.

The 19F n.m.r. spectrum showed a singlet at S 29.7
(-7.6) p.p.m., and a broad complex absorption at $ ca., 27.4
(-9.9) p.p.m., integrated intensities 1:1, assigned to the
fluorines in the -CH,ON(CF;), group, and the.Ph¢ON(CF3)2
group, respectively.

The mass spectrum showed peaks at m/e 286 { 43%,
@g-(CF5)2N0]+}, 272 {10%,[:m-(CF3)2NOCH2]+], 182 [ 1%,
(CF3)NOCH, ], 134 (74%, CgHu00™), 118 (100%, Cgag")y and
77 (22%, Cgil .

The formation of the dehydrochlorinated compound (20)
indicates that §-scission of chlorine from intermediate (21)

to give the conjugated olefin, MeCPh:CHa, precludes the

rearrangement of phenyl or chlorine, despite the fact that
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a 1,2-shift of chlorine would generate a benzylic radical,
i.e. [where R = (CF5),NO ]

R. or Cl. 5
(-RH or HC1l)

Me2CPhCl MeCPhClCH2°
(21)
[

MeCPh: CH,, 2R MeCPhRCH, R

(20)

The olefin is then quickly scavenged by the oxyl to
form the disubstituted adduct (20). The liberated chlorine
competes with the oxyl in the initial hydrogen abstraction
step to give hydrogen chloride.

The rate of reaction was faster than one would expect
for abstraction of a primary hydrogen with electron-
withdrawing B -substituents and this is discussed later
(p. 62).

(b) The reactions of the oxyl (6) with chloroalkenes

(i) Vith 3,3,3-trichloropropene ai room temperature

A 2:1 molar mixture of the oxyl and 3,3%,3-trichloro-
propene on reaction at room temperature (6d4) gave
1,2-bis(WN-bistrifluoromethylamino-oxy)-3,3,3~trichloro-
propane (22) (97% based on alkene), which was identified by
elemental analysis and spectroscopic data, 1,3-bis(NN-bistri-
fluoromethylamino-oxy)-2,3,3-trichloropropane (23) (2.5%
based on alkene), which was identified by g.l.c. analysis
(see p. 50), and minor quantities of recovered olefin,

IN-bistrifluoromethylamine, and NN-bistrifluoromethyl-



hydroxylamine.
(CF5)2NOCH21)HCCI3 (CF3)2NOCH2iH0012ON(CF3)2
ON(CF3)2 1
(22) (23)

The i.r., spectrum of the major product (22) showed
absorptions at 7.69-8.29 (C-F str.), 9.42 and 9.55 (C-O-N
str..), 10.35 (C-N str.), and 14.08 (CFBIdef.)Aum, typical of
an amino-oxy group, and bands at 3.33-3.44 (C-H str.), and
11.89-12.66 (C-Cl str.)leum.

The 7

H n.m.r. spectrum showed a complex absorption at

§ ca. 4.7 p.p.m, assigned to both the methylene and methine
protons. The 19F n.m.r. spectrum showed a singlet at 3 28.16
(-9.8) P.p.m. and a broad singlet at § 26.7 (-11.3) p.p.m.,
integrated intensities 1:1, assigned to the fluorines in the
—CHgoN(CFB)2 group and in the sterically hindered )CHON(CF3)2
group, respectively.

The mass spectrum showed peaks at m/e 363 [7%, (M'0013)ﬂ,
512‘(<1%,[:g-(CF3)2N5]+}, 182 (100%, CH,ON(CF3),*), 144 (13%,
C3H3015+), and 117 (8%, cc15+).

(ii) With 3,3,3-trichloropropene at 70-80 °C

A 2:1 molar mixture of the oxyl and the chloride on
reaction in the gas phase at 70-80 °¢ (6d) gave 1,3-bis(NN-
bistrifluoromethylamino-oxy)-2,3%,3-trichloropropane (23) (7%
based on alkene), which was identified by elemental analysis
and spectroscopic data, and 1,2-bis(lN-bistrifluoromethyl-
amino-oxy)-3,3,3-trichloropropane (22) (15% based on alkene),
which was identified by g.l.c. analysis. lMinor amounts of

recovered oxyl and gﬁ-bistrifluoromethylhydroxylamine were
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also detected in the products.

The i.r. spectrum of the rearranged adduct (23) showed
the characteristic absorptions of the amino-oxy group at
7.66-8.29 (C-F str.), 9.35 and 9.52 (C-0-N str.), 10.31
(C-N str.), and 13%.99 (CF3 def.)um, together with bands at
5.34-3.44 (C-H str.), and 11.3%6-12.24 (C-Cl str.)unmn.

The 'H n.m.r. spectrum showed absorptions at & ca. 4.32
(2H, c¢) and 4.68 (1H, d4d, .J'.= 9Hz,2Hz) p.p.m., assigned to
the -CH20N(CF3)2 group and the >CHCl group, respectively.

The 19F n.m.r. spectrum showed two "singlets at 8 29.5
(-7.8) and 25.4 (-11.9) p.p.m., integrated intensities 1:1,
assigned to the fluorines in the -JCHeoN(CFB)2 group and
(CF5)2N00012 group, respectively.

Confirmation of the structure was obtained from the
mass spectrum which showed peaks at m/e 445 [j%, (Mf01)+],
312 { 39%, [U-(CF5),N0]*}, 250 [19%, (CF) Mocci*], 230 { 4%,
[y-(CF3)2N00012]+}, 182 [58%, (CF3)2N00H2+], and 144 (20%,
03H5013+). :

(1ii) With 3,3,3-trichloro-2-methylpropene

A 2:1 molar mixture of the oxyl and 3,3,3-trichloro-2-
methylpropene on reaction at room temperature (1h) gave
unchanged oxyl (ca. 0.5% recovered), hydrogen chloride (ca.
6% based on alkene), NN-bistrifluoromethylhydroxylamine (ca.
5% based on oxyl), a product (A) identified by elemental
analysis and spectroscopic data as a mixture of 1,2-bis(NN~-
bistrifluoromethylamino-oxy)-2-methyl-3,3,3-trichloropropane
(@4) (ca. 56% based on alkene) and 1,3-bis(NN-bistrifluoro-
methylaminc~oxy)-2,3,3-trichloro-2-methylpropane (25) (ca.
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28% based on alkene), a minor product tentatively identified
as 1,2—bis(Eﬁ-bistrifluoromethylamino—oxy)—2~methyl-1,1,3-
trichloropropane (26) (9% based on alkene), an unidentified
amino-oxy-substituted product (B) (¢a. 2% based on alkene),

and a minor unidentified product.

T [
(CFB)gNOCHleCCl5 (CF5)2N00H2?0012ON(CF5)2
ON(CF3)2 Cl
(24) (25)

Hs
(CFB)ENOCCleccHECl
ON(CF3)2.

(26)

The isomers (24) and (25) could not be separated by
g.l.c. and their relative yields were estimated from the 19F
n.m.r. spectrum of the two-component mixture. The coupled
g-l.c./mass spectrum of product (B) showed a base peak at m/e
69 (100%, CF5+) indicating that it was probably an amino-oxy
derivative.

Product A

The i.r. spectrum showed the characteristic absorptions
of an amino-oxy group together with bands at 3.3%3-3.45 (C-H
str.), and 11.95-12.36 (C-Cl str.)um.

The L

H n.m.r. spectrum showed (i) two overlapping
singlets at & 1.75 and 1.82 p.p.m., and (ii) two overlapping
AB systems centred on & 4,40 and 4,58 p.p.m., integrated

intensities %:2, assigned to the CH5.group and —CH20N(CF5)2
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group, respectively, in both isomers.

The 19F n.m.r. spectrum showed two singlets at § 29.4
(-7.9) and 24.9 (-12.4) p.p.m., and a complex absorption at &
ca. 26.6 (-10.6) p.p.m., integrated intensities 3:1:2,
assigned to the fluorines in the -CH2ON(CF3)2 groups of both
isomers, the —CClZON(CF5)2 group of the rearranged isomer
(25), and the ;\CON(CFa)2 group (adjacent to an asymmetric
centre) of the non-rearranged isomer (24), respectively.

The mass spectrum showed peaks at (i) m/e 459 [9%,
a-c1)*], 326 { 26%, [1-(oF5)M0]*], 312 {10%, [M-CHaoN(CFE)Zﬁ
182 [ 85%, CHON(CF3),"], 158 (35%, C4HsClz*), and 144 (28%,
05H3013+), which were assigned to both isomers, (ii)

377 [ 5%, M-cc1;)*], 209 (1%, CoHFeNOY), and 117 (1%,
0013+), which were assigned to thg non-rearranged isomer (24),
and (iii) 250 [2%, CC1,0N(CF3),*], ana 2u4 { 6%,
Eﬁ-C0120N(CF3)é]+}, which were assigned to the rearranged
isomer (25).

1,2—bis(NN—bistrif1uoroﬁethylamino-oxy)-2—methy1—1,1,3-

trichloropropane (26)

A pure sample of the compound could not be isolated and
it was identified from the n.m.r. spectrum of a mixture of
several components.

The 1H n.m.r. spectrum showed absorptions at 8— 1.75
(3H, s) and 3.96 (2H, s) p.p.m., assigned to the CH5 and
-CH201 groups, respectively. The 19F n.m.r, spectrum showed
two singlets at S 26.6 (-10.6) and 24.9 (-12.4) p.p.n.,
integrated intensities 1:1, assigned to the fluorines in the -

;CON(CF5)2 group and the —CClZON(CF5)2 group, respectively.



Confirmation of the structure was obtained from the
g.l.c./mass spectrum which showed peaks at m/e 459 [j%,
-c1)*], sas [12, @-ome1)*], 326 { 30%, [1-(or5),0]*],250
[1.5%, CCl2ON(CF3)2+]’ 244{6%, Dg-cmgoN(CFs)z]*}_, 158 (37%,
C4H5013+), and 49 (8.5%, CH201+).

The formation of the products in the reaction of the
oxyl with trichloropropene can be explained by the mechanism
outlined in Scheme 3 |where R = (CF5),N0 ; Y= H |

R
* '
. Re N .
CH2.(|JCCI3 > RCHE(I':CCIB —Re 5 RCH2C120013
Y Y Y
(27) (22) (Y= H)
l (24) (Y= Me)
cl <|;1
RCHe%émz — R RCH2('30012R
Y Y
(28) (23) (Y= H)
(25) (Y= Me)
Scheme 3%

The intermediate radical (27) may be directly scavenged
by the oxyl to give the non-rearranged product (22) or,
alternatively, may undergo a 1,2-chlorine shift to give the
relatively more stable radical (28), and in the gas-phase
reaction, where the relatively lower concentration of

reactants and higher temperature favour rearrangement, the

rearranged isomer (23) is obtained as the major product.



- 55 -

In the reaction of the oxyl with trichloro-2-methyl-
propene (Scheme 3; Y= CHB) the rearrangement of the inter-
mediate (27) appears to be relatively more favourable. As
the rearrangement in this case involves a tertiary radical,
the driving force for rearrangement is presumably less, and
the effect is probably explained by steric hindrance at the
tertiary carbon radical which prevents chain-transfer with
the -oxyl to some extent and so favours the rearrangement step.

The 3,3,3-trichloro-2-methylpropene used in the reaction
was contaminated with ca. 10% 1,1,3-trichloro-2-methyl-
propene, and this explains the formation of the minor product

(26), i.e. [where R = (CFB)éMD]

R R
_ R - R. |
ClCH2(|l.CCl2 _— ClCH200012 —_— ClCH2?0012R
CH3 H3 CH3
(26)

An alternative mecﬂanism, involving the R-scission of
chlorine from the intermediate radical (27) followed by
combination to give the more stable radical (28), must also
be considered to account for the formation of the rearranged

products, i.e (where Y= H or Me)



1
. R. ® [ )
CH2.(IJCCI3 ———— RCH2(|}CC].3 —_——— RGH2f0012
Y Y Cl. Y
(27) (28)
—Cl‘ l/ P
?1
RCH2(IJ:CCI2 RCHQ?CClaR
Y Y
(23) (Y= H)

(25) (Y= Me)

However, the free chlorine atoms formed in such a
Process would be expected to react with the starting olefin
to some extent resulting in the formation of tetrachloro
derivatives. Such products were not observed, so the
intramolecular mechanism is more likely.

(¢) The reactions of the oxadiazapentane (7) with chloro-

alkenes

Rearrangement involving a 1,2-chlorine shift should be
more favourable in reactions involving the oxadiazapentane
(7) than the corresponding reactions with the oxyl (6), since
the chain-transfer step in the former reactions involves
fission of the N-O-N bond and so increases the lifetime of"
the intermediate radical. Furthermore, the formation of
rearranged products would provide stronrg evidence for a

radical-chain mechanism.
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(i) With 3,3,3-trichloropropene

An equimolar mixture of the oxadiazapentane and 3,3,3-
trichloropropene on reaction at room temperature (20h) gave
unchanged oxadiazapentane (57% recovered), NN-bistrifluoro-
methylamine (trace), gﬁ-bistrifluoromethylhydroxylamine
(trace), unchanged trichloropropene (56% recovered), and
1-gy—bistrifluoromethylamino—B-(gg-bistrifluoromethylamino-
oxy)-2,3,3-trichloropropane (29) (93% based on consumed

alkene), which was identified by elemental analysis and the

spectroscopic data outlined below.

cl
(CF3) 2NCH2(|)HCC 1,0N(CF3),
(29)

The i.r. spectrum of compound (29) showed absorptions at
5.321-3.35 (C-H str.), 7.28-9.27 (C-F str.), 9.57 or 9.7
(C-0-N str.), 10.38 (C-N str.), 11.90-12.63 (C-Cl str.), and
14.04 (CF5 def.) um.

The 1H n.m.r. spectrum showed absorptions at S ca. 3.6
(1H, AB 4, J= 16Hz, 10Hz), ca. 4.05 (1H, distorted AB), and
ca. 4.8 (1H, dd, J= 10Hz, 3Hz) p.p.m. The higher-field
signals were assigned to the protons in the —CHBN(CF3)2 group
which, due to the adjacent asymmetric centre, are non-
equivalent and couple with the vicinal methine proton to
different extents. The assignment of the lower-field signal
was more difficult as the expected chemical shifts of the
protons in both the >CHON(CF5)2 and }CHCl groups of the non-

rearranged and rearranged compounds, respectively, are in
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this region aﬁd so did not provide conclusive proof for
either.

The 49F n.m.r. spectium showed singlet absorptions at 8
25.4 (-11.9) and 18.6 (-18.6) p.p.m., -integrated intensities
1:1, assigned to the fluorines in the -CClgoN(CFB)E group
and -CH2N(CF5)2 group, respectively.

Confirmation of the rearranged structure was obtained
from the mass spectrum which showed peaks at glg 263 (14%,
C4HCLEENO*), 250 [ 5.5%, (CF5)2N00012+], 214 { 2%,
'@g-(0F5)2N00012]+z, 166 [100%, (CF3) NCH,*], and 144 (1%,
05H5013+).
(ii) With 3,3,3-trichloro-2-methylpropene

An equimolar mixture of the oxadiazapentane and 3,3,3-
trichloro-2-methylpropene on reaction at room temperature
(84) gave Ni-bistrifluoromethylamine, hydrogen chloride,
EN-bistrifluoromethylhydroxylamine, ca. nine minor
unidentified products, 1-NN-bistrifluoromethylamino-3-(NN-
bistrifluoronethylamino-oxy)-2-methyl-2,3,3-trichloropropane
(30) (57% based on alkene), and a compound tentatively
identified as 1-(NF¥-bistrifluoromethylamino-oxy)-2-methyl-
1,1,2,3-tetrachloropropane (31) (ca. 11.5% based on alkene).

CH ?HB
(CF5)2N0H2f0C12ON(CF3)2 (CF3)2NOCCI2?CH201
cl cl
(30) (31)

The rearranged adduct (30) was identified by elemental

analysis and the spectroscopic data outlined below.
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The i.r. spectrum shuﬁed absorptions at 3.31-3.43 {(C-H
str.), 7.28-8.59 (C-F str.), 9.72 (C-0-N str.), 10.24 or
10.41 (C-N str.), 11.83-12.38 (C-Cl str.), and 14.04 (CF5
def.) cum.

The

H n.m.r. spectrum showed absorptions at S 1.81 (3H,
s) and 3.93 (2H, bs) p.plm., assigned to the CH3 and
—CH2N(CF5)2 groups, respectively. The 9% n.m.r. spectrum
showed singlet absorptions at § on.8 (-12.5) and 17.1 (-20.2)
P.p.m., integrated intensities 5:1, assigned to the fluorines
in the (CF3)2NOCCI2 group and the (CF3)2NCH2 group,
respectively. The chemical shift of the amino-oxy group
signal is in the region expected for a (CF3)2N00012 group
Eag. the rearranged bis(amino-oxy) adduct (25); p. 52] and

is slightly downfield of that expected for a (CF3)2NO¢Me
group in the non-rearranged adduct.

Confirmation of the rearranged structure was obtained
from the mass spectrum which showed peaks at m/e 277 (14.5%,

CgH3CLEGNO"), 275 ( 1%, CgHGCLEN), 228 { 6%,
E@-(0F3)2Nocc12]+}, 166 [ 100%, (CF3)NCH,*], 158 (5.5%,
C4H5013+), and 144 (3%, C3H5013+).

The tetrachloro derivative (31) could not be isolated
pure and was identified by the n.m.r. spectrum of a mixture
of (31) and an unidentified compound, and by its coupled
g.l.c./mass spectrum.

The |

H n.m.r. spectrum showed absorptions at S 2.02

(3H, s) and 4.10 (2H, s) p.p.m., assigned to the CH3 and
-CH,Cl groups, respectively in compound (31), while a singlet
absorptlon was observed in the 19F n.m.r. spectrum at 8—24 1

(-13.2) p.p.m., a331gned to the fluorines in a (CF 2NOCCl2
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group.

The mass spectrum showed peaks at m/e 326 [100%, (M‘Cl){L
312 [2%, (u-CH,C1)*], 250 [ 2%, (CF3)2NOC012+], 193 (39.5%,
C4H5014+), 141«[77%, [m-(CF3)2N00012]+}, and 49 (17.5%,
CH,C1%).

As expected, the reaction of the oxadiazapentane with
trichloropropene resulted in the exclusive formation of
rearranged product (29) (Scheme 4; where Y= H), due to the
slow rate of chain-transfer of intermediate (32) with the

oxadiazapentane, i.e.

(CF3) NON(CF), > (CFy)N. + (CFg)pNO-
COR

CH2:TCCl3 + (CF3)2N- —— (CF5)2NCH2(|)‘CCI5
Y

Y
(32)
1 1
(CF5)2N0H2?00120N(CF5)2 L7 (CF5)2NCH2?6012
Y Y
(29) (Y= H) (33)

(30) (Y= Me)
Scheme 4

Similarly, the reaction of the oxadiazapentane with
trichlofomethylpropene (Scheme 4; where Y= Me) resulted in
the formation of the rearranged adduct (30) as the major

product. The formation of the other major product, the
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tetrachloride (31) can be explained by the mechanism outlined

below, i.e.

(32) or (33). ——> (CP3) NCH,CMe:CCl,. + Cle

(34)
CH,:CMeCCly + Cle > c1cr12c':1\rreczc313
(35)
c1 <|31
; 7
010H,aneCCl, — s CL0H,(MeCOLO0N(CF3),
(36) (31)

The fragmentation of allylic chlorine in radical additions to
trichloropropene derivatives is favoured as the stability
and lifetime of the intermediate radical is increased29and

is discussed further below. Although the expected olefin
intermediate (34) was not isolated, it may have been one of
the several minor unidentified products. The chlorine atoms
so produceéd add to the starting olefin to give intermediate
(35) which then undergoes rearranéement to give intermediate

(36) and chain-transfer to give the tetrachloride (31)

p~Scission of chlorine

1. Chloroalkenes

The R-scission of chlorine is less favourable than that
of bromine, particularly at room femperature and, as one
would expect, products arising from the loss of chlorine were
not detected in the reactions of the oxyl with the trichloro-

propenes. Even at 70-80 QC, where the higher temperature
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could favour the fragmentation process, the concentration of
oxyl is such that chain-transfer occurs fairly rapidly (as
shown by the formation of some non-rearranged adduct) and
the loss of chlorine is precluded. )

As the stability and lifetime of the intermediate
radical is incréased, however, fragmentation becomes more
favourable, and with the oxadiazapentane, Whereﬂthé‘chain-
transfer step is considerably slower (as shown by the
exclusive formation of rearranged products) the p-scission of
chlorine from intermediate (32), or the rearranged inter-
mediate (33), cdmpetes with chain-transfer to some extent.

2. Chloroalkanes

In contrast to the reactions of chloroalkenes with the
oxyl, those of chloroalkanes result in reasonable yields of
products arising from R-scission of chlorine even at room
temperature. The initial step in this case involves hydrogen
abstraction by the oxyl (and latterly by atomic chlorine
liverated in situ), to give a primary radical. The energy of
activation for abstraction of a primary hydrogen by the oxyl
(or chlorine) is considerably higher than that for addition,
particularly so in cases where electron-withdrawing groups'
deactivate the hydrogens towards attack by the electrpphilic
radicals. As a result, the vicinal chlorine may exert some
neighbouring-group effegt in the hydrogen abstraction step,
an effect not expected in the addition of the oxyl to
chloroalkenes. This neighbouring-group participation may

occur via partial bridging of chlorine, i.e.
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/,fl _.GQ1e
(CF3)2N0o----H----c‘Ha—-?- _— cﬁ2———?— +  (CF3),NOH

Although there is some convincing evidence that such bridging

may occur in RB-bromoalkyl radicals, there is less evidence

for bridging by chlorine and any anchimeric assistance to

the hydrogen abstraction step would be expected to be

considerably less than for that involving bromine.
Alternatively, the hydrogen abstraction step and loss of

a chlorine atom could be concerted to some extent, i.e.

(CF5)2N0’/ﬁcwfﬁlfgggngEJEZT( —_— CH2:?—- + (CF5)2NOH

+ Cl-

It is unlikely that the oxyl would directly couple with
the free chlorine atoms due to the low strength of the NO-Cl
bond (the oxyl does not react with halogens). However, it
is possible that the oxyl interacts with the chlorine to
weaken the C-Cl bond and allow B-scission of chlorine to
occur,

If loss of chlorine is to some extent concerted with,
rather than subsequent to, hydrogen abstraction one would
expect to observe rate enhancement in the hydrogen abstraction
step. The rates of the reaction cf several halogenoalkanes
with the axyl are given in Table 5 (the times given are for.

the disappearance of oxyl colour).
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TABLE 5
Reaction of the oxyl with halogenoalkanes

Halegenoalkane Temperature Reaction time A
Me;CBr ca. 20 °¢ 30h
Me;CC1 ca. 20 °c 13d
Me ,CC1, ca. 20 °¢ 4404
MeCCl3 ca. 20 °¢ not complete

then |
70-80 “C after 8604
Me,CPhC1 ca. 20 °c 35min

For the series of chloroalkanes MeCX201 (where X2= Mez;
Me,Cl; 012) there is a marked decrease in the reaction rate,
due to the increasing number of electron-withdrawing B-chloro
substituents which deactivate the primary hydrogens towards
the electrophilic oxyl (or chlorine atoms). However, the
reaction of 2-chloro-2-phenylpropane with the oxyl was
complete in 35min despite the fact both the phenyl group and
chlorine are electron-withdrawing substituents. The loss of
vicinal chlorine is particularly favourable in this case as
it results in a conjugated olefin. If this fragmentation
was subsequent to hydrogen abstraction an enhancement in tha
reaction rate would not be expected.

Similarly, while the considerable difference in the
reaction rates of t-butyl bromide and t-butyl chloride may

simply be a measure of the different electronegativities or

the two halogens, it could also indicate a greater degree
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of anchimeric assistance by bromine, either through bridging
or more facile 3-scission.

(d) The reactions of the oxadiazapentane with halogeno—

alkanes

(i) With 2-chloro-2-phenylpropane

The reaction of the oxadiazapentane (7) with a slight
excess of 2-chloro-2-phenylpropane at room temperature (54)
gave unchanged oxadiazapentane (7) (gg.'23% recovered),
hydrogen chloride (ca. 33% based on consumed alkane),
IN-bistrifluoromethylamine (ca. 13% based on consumed
oxadiazapentane), NN-bistrifluoromethylhydroxylamine (ca. 394%
based on consumed oxadiazapentane), 2fchloro-2-pheny1propane
(40% recovered), and a complex mixture of ca, twelve products
which could not be separated or identified.

This reaction of the oxadiazapentane (7) is rather more
complex than the corresponding reaction of the oxyl (6) as
the rate of hydrogen abstraction is initially governed by
the rate of fission of the N-O-N bond. Nevertheless, the
reaction hald not reached completion after five days despite
the fact that hydrcgen chloride was formed in each case.
This indicates that free chlorine competing as a chain-
carrier is common to both reactions.

Hence, although,the formatién of hydrogen chloride indic-
ates that loss of chlorine from intermediate (21) is again
favoured, due to the formation of a conjugated olefin, no
rate enhancement was observed. This probably means that
loss of chlorine is subsequent to hydrogen abstraction in

this case, i.e.
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(CF5) ,NON(CF5), > (CF5)N: + (CF3),No.
1

(CPz)oN+ + Me,CPhCl ———> Me?CHao + (CF3) NH
Ph
(21)

CH2:CPhMe + Cl-

Me2CPhCI

l

(21) + HCl

The oxadiazapentane has also been found in the present
work to preferentially undergo ring substitution with aryl
compounds containing a side chain which is not particularly
reactive towards free-radical attack to give NN-bistrifluoro-
methylhydroxylamine and bistrifluoromethylamino-substituted

aromatic compounds, e.g. (see p. 77)

MeECPh + (7)) —m——m— Me5CCGH4N(CF3)2 + (CF,),NOH

302
(71.5%)

Although a small amount of hydroxylamine is expected in
the cumyl chloride reaction as a result of hydrogen
abstraction by the oxyl liberated in the initiation step,
i.e. fission of the N-O-N bond, the high yield of hydroxyl-
amine (and low yield of IIN-bistrifluoromethylamine) indicates
that the (CF3)2N- radical preferentially attacks the aromatic

ring, rather than abstracts a primary hydrogen atom from the
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side chain.

The formation of hydrogen chloride in the reaction may
be explained by either hydrogen abstraction at the side chain
by the free chlorine atoms, or by attack of chlorine on the
intermediate cyclohexadienyl radicals (57) formed by attack
of the (CF5>2N' radical on the aromatic ring, to give
hydrogen chloride and bistrifluoromethylémino-substituted

derivatives, i.e.

(CEz) N,

N(CF5),

+ (CFB)ENOH
+ HC1

The complexity of the reaction may be in part explained
by loss of chlorine from intermediate (37) (which may also
account for the considerable yield of hydrogen chloride).
Intermediate (38) may then undergo further reaction at the

CMe2 group, i.e. (where Re= any radical present ih the system)
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Cife 501 CMe R
5 N(er,) B N(cr,)
372 372
(37)

(ii) With t-butyl bromide

An equimolar mixture of the oxadiazapentane (7) and

t-butyl bromide on reaction at room temperature (15d) gave
IN-bistrifluoromethylamine, NN-bistrifluoromethylhydroxyl-
amine, a brown liquid (probably bromine), unchanged bromide
(ca. 27% recovered), 1,2-dibromo-2-methylpropane (12) (ca.
32% based on‘consumed bromide), 1-(NN-bistrifluoromethyl-
amino-oxy )-2-bromo-2-methylpropane (10) (ca. 6% based on
consumed bromide), and a complex mixture of ca. thirteen
unidentified products, which could not be separated.

Products (10) and (12) were identified by g.l.c.
analysis, and the lower-boiling products by i.r. spectrosccpy.
The complexity of the reaction mixture prevented the
isolation of the other products.

The formation of the identified products may be explained
by the mechanism outlined in Scheme 5. As in the oxyl
reaction (p. %6), the formation of the dibromide (12) in
reasonable yield indicates that elimination of bromine from
the intermediate radical (13) occurred to a considerable

extent.
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Reaction of the oxadiazapentane (7) with t-butyl bromide

(CP3) HNON(CF3), > (CFg)N. + (CFy),N0-
MesOBr + (CF),N- > Me,CBrCHy. + (OF5)NH
(13)
(13) 2 N Me ,CBZCH,ON(CF5),
(10)
—~Br. + (CF3)2N-
Me ,C: CH, Bry, Me ,CBrCH,Br
(12)
Schenme 2.

2. Phenyl migration

(a) The reactions of the oxyl (6) with arylalkanes

(1) With t-butylbenzene

A 3:1 molar mixture of the oxyl and t-butylbenzene on
reaction at room temperature (3d) gave NN-bistrifluoromethyl-
hydroxylamine (43% based on oxyl), unchanged E—butylbenzeﬁe
(21% recovered), 1-(¥N-bistrifluoromethylamino-oxy)-2-methyl-
2-phenylpropane (39) (28% based on consumed alkane), two
minor products tentatively identified as 4—E§-biétrifluoro-
methylamino-t-butylbenzene (40) (ca. 8% based on consumed
alkane) and 3-NN-bistrifluoromethylamino-t-butylbenzene (41)
(ca. 6% based on consumed alkane), and some fourteen minor
unidentified products which were not present in sufficient

quantities to allow their separation and identification.
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oh CMe3 CMe3
(CF3)2N00H2<::CH5
3
; N(CF5), -
N(CF3),
(39) (40) (41)

The amino-oxy product (39) was identified by elemental
analysis and the spectroscopic data outlined below. The
minor products (40) and (41) could not be isolated pure,
and were identified by a comparison of their n.m.r. spectra
and g.l.c. retention times with those of known pure samples,
(see p. 77).
1-(NN-bistrifluoromethylamino-oxy)-2-methyl-2-phenylpropane

£39)

The i.r. spectrum showed absorptions at 3.23-3.45 (C-H

str.), and 6.25-6.8 (C:C ring str.) «m, together with bands
characteristic of an amino-oxy group.

The 'H n.m.r. spectrum showed absorptions at & 0.94 (cH,
s), 3.63 (2H, s), and ca. 6.8 (5H, m) p.p.m., assigned to
the two equivalent methyl groups, a -CH2ON(CF3)2 group, and,
the phenyl group, respectively.

The 19F n.m.r. spectrum showed a singlet absorption at
S 41.8 p.p.m. (relative to p-CF,ClSCgH,Cl), typical of the
fluorines in an amino-oxy group.

The mass spectrum showed peaks at m/e 301 (1%, U*), 149
(€1%5 Cagligz0™)s 133 (3%, CygHy3"/CoFsN™), 119 (21%, CgHyg*),
77 (1.5%, C6H5+), and 69 (100%, CF3+).
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(ii) With 2,2-diphenylpropane

The reaction of a 4:1 molar mixture of the oxyl and
2,2-diphenylpropane at 70-80 °C (3d) gave NN-bistrifluoro-
methylamine (trace), gg—bistrif1uoromethyihydroxylamine (45%
tased on oxyl), unchanged diphenylpropane (11% recovered),
ca. fourteen minor unidentified products, and a compound
tentatively identified as 1-(NN-bistrifluoromethylamino-oxy)-

2,2-diphenylpropane (42) (36% based on consumed alkane),

1'>h
(CF3) 2NOCH2(|JMe
Ph
(42)

The major product (42) was isolated contaminated with
an unidentified amino-oxy-substituted product and was
identified on the hasis of the n.m.r. spectrum of the two-
component mixture. The intractability of the higher-boiling"
mixture prevented the séeparation and identification of the
minor products.

The 1

H n.m.r. spectrum of the major product (42) showed
absorptions at & 1.35 (3H, s), 4.0 (2H, s), and 6.62 (10H,
s) p.p.m., assigned to the methyl group, the -CH2ON(CF3)2
group, and the phenyl groups, respectively. The 19F n.m.r,
spectrum showed a singlet absorption at S =10.,0 p.p.m,
(relative to T.F.A.) typical of the fluorines in an amino-oxy
group.

Although the reactions of the oxyl with t-butylbenzene
and 2,2-diphenylpropane would initially appear simple from
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the analytical point of view as hydrogen abstraétion by the
oxyl gives in both cases a primary radical, the reaction
mixtures were very complex, possibly due in part to aromatic
ring substitution and/or addition by the oxyl as a result of
the low reactivity of the primary side-chain hydrogens.

The major products isolated in each reaction were the
1-amino-oxy-substituted derivatives which indicated that the
intermediate primary radicals (43) [Scheme 6; where R =
(CFB)ENO sy X= Ph or Me] were rapidly scavenged by the oxyl,
although it is possible that the rearranged radicals (44)
resulting from a 1,2-phenyl shift underwent further reaction

with the oxyl to give resonance stabilised olefinic products,

i.e.
Ro R' -
MechhX T:RTIT9 MeCPhXCH2° _— MSCPhXCH2ON(CF3)2
(43) (39) (X= Me)
(42) (X= Ph)
IﬂeéXCH2Ph ?_—%H—)» MeCX:CHPh ——> etc.
(44)
Scheme 6

The i.r. spectra of the highei-boiling mixtures from
both reactions each showed a weak absorption in the region
5.6-6.0 (C:0 str.)um, and since a considerable amount of
starting material was recovered in each case, despite using
an excess of oxyl, it is considered that further attack of

the oxyl at 01 had occurred to some extent. This further
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reaction is believed to involve the steps outlined below
[ﬁhefe R = (CF3)2NO ; X= Ph or Me], although several
hemolytic pathways are possible (see p. 30).

" T ih (cF,)
. 0N (C
R- . R. 2r(CF3),
11eCCH ,ON(CF5 ) 11eCCHON(CF5 ) , — 5 Me
f 2 372 (-RH) (OF5)2 lCH::6fN(CF5)2
X X
Fh Ph fh
MeCCéjo B Meédéo féH MeCCHO
| SON(CF;) | * :
X 572 X

<+

(CFz) Ne + (CF3),N0e &——— (CF3) NON(CF5),
(7)

The bistrifluoromethylamino radicals which are formed
can then abstract hydrogen from the side chain to give
Nll-bistrifluoromethylamine. However, the products formed in
the reaction of the oxadiazapentane (7) with t-butylbenzene
(p. 77 ) indicate that the (CF3)2N- radical preferentially
attacks the aromatic ring, and this then explains the
formation of the isolaﬁed minor products (40) and (41). The
mechanism is discussed further later (see p. 80).

(iii) ¥With 2-phenylpropan-2-ol

The reaction between the oxyl (6) and 2-phenylpropan-2-ol
was studied for two reasons; (i) a 1,2~phenyl shift would
result in a relatively stable L-hydroxy radical, and (ii)

further reaction of the resulting rearranged radical with the
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oxyl would give the carbonyl compound (45), via a net
oxidation reaction, and so would assist in the identification

of rearranged products, i.e.

?H OH OH 0
R. ] . Re
Ph Fh (4#5)

The reaction of a 2:1 molar mixture of the oxyl‘ahd
2-phenylpropan-2-o0l at room temperature (3d) gave (i) a
volatile fraction, which contained NN-bistrifluoromethylamine,
NN-bistrifluoromethylhydroxylamine, and carbon dioxide, and
(ii) an involatile fraction, which contained 1,2-bis(IN-bis-
trifluoromethylamino-oxy)-2-phenylpropane (20) (ca. 50% based
on alcohol), identified by a comparison of its spectroscopic
data with that of a pure sample obtained previously (p. 47),
several minor unidentified products, three very high-boiling
products (A-C) (combined yield ca. 30% based on alcohol), and“
a small amount of an unidentified solid.

The i.r. spectrum of the higher-boiling mixture did not
show any absorptions in the region 5.6-5.9 (C:0 str.)um,
indicating that the rearrangement/oxidation had not occurred.

The formation of the major product (20) is difficult to
explain in terms of a complete free-radical mechanism, and
it was considered that the alcohol may have undergone .
dehydration. It was also possible that the dehydration was
catalysed by the weak acid (CF3)2NOH, formed in situ, as a
result of hydrogen abstraction by the oxyl.

To determine if this were the case, 2-phenylpropan-2-ol
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was treated with the hydroxylamine at room temperature (1d)
and it was observed that complete dehydration of the aléohol
took place.

The i.r. spectrum of the higher-boiling mixture, which
did not show any absorptions in the region 2.88-3%.22 (0-H
str.) «m, was typical of that of an aromatic alkene. The
mixture was shown by g.l.c. analysis to contain three high-~
boiling products identical to components A-C obtained in the
reaction of the oxyl with the alcohol, and several very minor
lower-boiling products. Due to the intractability of the
three high-boiling components (A-C) they could not be
separated by preparative-scale g.l.c. However, they were
tentatively identified as isomeric dimers of -methylstyrene

on the basis of the |

H n.m.r, spectrum of the mixture which
showed broad absorptions in the regions S O.l4=1.4, ca. 1.6~
2.5, ca. 4.2-4.8, and ca. 6.7 p.p.m., integrated intensities
ca. 12: 3: 1: 17, assigned to the methyl, methylene, olefinic
and phenyl groups, respectively, in the three dimers (46),

(47), and (48), i.e.

PhCle e PhClMe Ph
Phlfe ,OH ,CPh: CH, 2:jc:c\\ 2>~c.¢
H Ph 7 e
(46) (47) (48)

Confirmation that products (A-C) were olefin dimers was.
obtained from the mass spectrum of the mixture which showed
peaks at m/e 236 (20%, M%), 221 [67%, (M—CH5)+], 154 (100%,
Cagfyn™)s 143 (22%, CiqH ™), 119 (98%, CgHyq ™), 91 (53%,
CoH,"), and 77 (23%, CeHs™). "
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Therefore, in the reaction of the alcohol with the oxyl,
the hydroxylamine formed in situ as a result of hydrogen
abstraction catalyses the dehydration of the alcohol to
«-methylstyrene. The olefin may then be scavenged by the
oxyl to give the bis(amino-oxy)- adduct (20) or,
alternatively, couple with the carbenium ion intermediate
(49), with subsequent loss of a proton, to form the isomeric

dimers (46)-(48), i.e.

OH OH
| l
CH5(|)CH5 —@2—9 CHBICCHz- + (CFB)ENOH
Ph Fh
l(CFa)zNOH
2" (-H,0) 4 (-E%)

. —qu N -H 3 .
CHBCIJCH5 2 > CH3(I3CH3 > CH2.<'JCH3_
Ph Th Ph
(49)

(49) 1(6)
+
Phllle 2CH2CPhCH3 ( CF5 ) ,NOCH oCPhCHz
(20)

olefin dimers
(46)-(48)
)

Recent work in this department has shown that in the
dehydration of certain alcohols catalysed by sulphuric acid,
the intermediate carbenium ions may be trapped by the

hydroxylamine to give the monosubstituted amino-oxy adducts,

e.g.
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98% HaSO, . e oo (-HA0 :
Me ;COH 24—  Me,COH, Me;C+

JfCFB)gNOH
Me5CON(CF5),

However no amino-oxy absorptions were observed in the i.r.
and 19F n.m.r. spectra of the higher-boiling mixture obtained
from the reaction between the hydroxylamine and 2-phenyl-
propan-2-ol. This indicates that direct coupling of the
hydroxylamine with intermediate (49) had not occurred in this

case.

(b) The reactions of the oxadiazapentane (7) with aryl-

alkanes

(i) With t-butylbenzene

The reaction between an equimolar mixture of the
oxadiazapentane (7) and t-butylbenzene at room temperature
(7d) save unchanged oxadiazapentane (12% recovered),
NN-bistrifluoromethylamine (9% based on consumed oxadiaza-
pentane), NN-bistrifluoromethylhydroxylamine [47% based on
consumed (7)], unchanged t-butylbenzene (36% recovered),
several minor unidentified products, 4-NN-bistrifluoromethyl-
amino-t-butylbenzene (40) (40% based on consumed t-butyl-
benzene), an unidentified IN-bistrifluoromethylamino-t-
butylbenzens (A) (31.5% based on cousumed alkane), and an
unidentified bis(Eg—bistrifluoromethylamino)-bis(gy-bistri—
fluoromethylamino-oxy)-t-butylcyclohexene (B) (17% based on

consumed alkane).
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The major product (40) was identified by elemental
analysis and spectroscopic data.

The i.r. spectrum showed absorptions at 3.28-3.48 (C-H
str.), 6.02-6.84 (C:C ring str.), 7.35-8.66 (C-F str.), 10.22
(C-N str.), 11.92-13.30 (C-H def.), and 13.87 (CF; def.) un.

The 'H n.m.r. spectrum showed absorptions at g-0.85 (9H,
s) p.p.m., and an AA'BB' type system centred on S 6.92 (4H)
P.p.m., assigned to the nine methyl protons, and the ring
brotons in a para-subsituted benzene ring, respectively. .

A singlet absorption was observed in the 19F n.m.r.
spectrum at S 16.01 (-21.3) p.p.m., typical of the fluorines
in a bistriflucrcmethylamino group.

The mass spectrum showed peaks at m/e 285 (24%, ﬁ+),

270 [100%, (M-CHz)*], 266 [9.5%, (u-F)*], 242 [ 5719, (M-C5H,)",
133 (3%, CqoHq3"/CoFNT), 57 (4.5%, CyHg"), and 41 (54.5%,
C5Hg").

Product (A) was identified by elemental analysis and
the spectroscopic data outlined below. The n.m.r. spectra
of the compound were not sufficiently clear to determine
whether it was the ortho- or meta-substituted isomer.

The !

H n.m.r. spectrum showed absorptions at & 0.83 (%H, s),
ca. 6.74 (2H, ¢), and ca. 7.0 (2H, ¢) p.p.m., assigned to the
nine methyl protons, and the non;equivalent protons in the
aromatic ring, respectively.

A singlet abtsorption was observed in the 19F N.M.Te.
spectrum at & 16.01 (~21.3) p.p.m., identical to that of the

para-substituted isomer (40), assigned to the fluorines of a

bistrifluoromethylamino group.
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The mass spectrum showed peaks at m/e 285 (35%, M+),

270 [100%, (u-cHz)*], 266 [12%, -p)*], 282[59.5%, (u-
CsH,)" ], 133 (58, Cqgligs*/CoEgNY), 69 (13%, CFz*), 57 (44,
CMe3+), and 41 (58%, C3H5+)

Product (B) was identified by elemental analysis and the
spectroscopic data outlined below. The microanalysis results
were slightly different to the figures required.

The i.r. spectrum showed absorptions at 3.36-3.47 (C-H
str.), 7.49-8.55 (C-F str.), 9.59 (C-0-N str.), 10.33 (C-N
str.) and 14.08 (CF5 def.)um.

The 1

H n.m.r. spectrum showed (i) a singlet absorption
at & 0.97 (9H) p.p.m., assigned to the nine methyl protons,
and (ii) poorly resolved, complex absorptions at $ cas 341~
3.9 (1H), ca. 4.2-4,6 (1H), ca. 4.6-5.2 (2H), and cas 5.7~
6.4 (1H) p.p.m. The two higher-field signals were assigned
to the protoms in )CHN(CF5)2 groups, while the lower-field
signals were assigned to the )CHON(CF3)2 groups, and the
olefinic group, respectively.

The 19F n.m.r. spectrum showed broad complex absorptions
in the regions (i) & ca. 27.5 (-9.7) to 28.5 (~8.8) p.p.m.,
and (ii) & ca. 20.1 (-17.2), ca. 16.3 (-21.0) to 17.7 (-19.5),
and ca. 11.2 (-26.1) to 11.9 (-25.4) p.p.m., assigned to
the fluorines in (i) the )CHON(CF3)2 groups, and (ii) the
)CHN(CF5)2 groups, respectively. The complexity of the
spectra indicate that the isolated sample was a mixture of
several isomers. |

The mass spectrum showed peaks at m/e 622 {1%,
[ILI-(CFB)EN]*'}, 606{295,[;5—(CF3)2N0]+}, 454 (6%, CouHyuFqo007),
438 (7.5%, CoyHyyFalo"), 423 (6.5%, Cyzl  FasY), 318 (3%,
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CagquFeN05")s 302 (24, Cqfl1uFglO), 286 (5.5%, CqHiuFeN'),
134 (3%, ChoHay™)s 69 (56%, CF37), and 57 (100%, CuHg*).

The isolated products represent a high yield (ca. 89%)
and indicate that in contrast to the oxyl (6), the (CF5)2N.
radical preferentially undergoes addition to the aromatic
ring, rather than abstract a hydrogen atom from the side

chain, i.e.

(CF5)NON(CF5), SN (CF5)Ne + (CF3)NO.

e
5 CMe5
(CFZ)oN- |
el 7
5 w(ers),
(50)
There are relatively few examples of homolytic aromatic
97,98
substitution by dialkylamino radicals. ’ However, the .

present work has shown that the electrophilic bistrifluoro-
methylamino radical readily undergoes addition to olefins
(e.g. allylbenzene and penta-1,4-diene) in which an allylié
hydrogen is available for abstraction. Therefore it is not
surprising that in the reaction with t-butylbenzene, hydrogen
abstraction, which would give a primary radical, is not
favoured.

The intermediate cyclohexadienyl radicals (50), formed
via addition of the amino radical, may then lose a hydrogen

atom to give the bistrifluoromethylamino-t-butylbenzenes (40)
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and (A). The oxidation step may occur via reaction of the
intermediate cyclohexadienyl radicals with the oxadiazapentane,

i oS

CMe5 'CMeB
RN
H- N(CF3)2 N(CF3)2
0]
(30) + (CF5)2NOH
+ (CF3)2N0

Although the precise mechanism of the oxidation step is not
known, it is possible that some degree of charge transfer is_

involved in the transition state, €.8.

CMe3
(50) — D, + (CFz)N. + (CFz),NO~

H
N(CF3),

|

CMe3

+ (CF3)2N0H

'N(CF3)2
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Alternatively, it is possible that on decomposition of
the oxadiazapentane, the (CF5)2N0- radical does not migrate
far from the (CF5)2N- radical, and after addition of the
latter to the aromatic ring, the (CF5)2NO- radical is
available to abstract the hydrogen atom from the cyclohexa-

dienyl radical intermediate (50), i.e.

(CF3)2NON(CF3)2 > (CF5)2N- + (CF3)2NO-
MeCPh
Clie Clte 5
+ (CF3)NOH — ¢—— + (CF3)NO-
N(CF5), H N(CF3),
(50)

Products arising from dimerisation or disproportionation
of the intermediate cyclohexadienyl radical.s were not
observed in the reaction products, which perhaps supports the
idea of a 'cage' mechanism.

The low yield of NN-bistrifluoromethylamine (ca. 9% )
(which may also have been formed via hydrogen abstraction at
the side chain) indicates that the reaction of cyclohexa-
dienyl radicals with amino radicals did not occur to any

significant extent, i.e.
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1e3 CMeB
(75 )21
/7

> + (CF3)2KE
B N(cry) N(CFz)

372 3/2
(50)

Only two amino-substituted t-butylbenzenes were formed
in reasonable yield; ohe was identified as the Rgzg—isomer
(40), but it was not possible to determine whether the other
product (A) was the ortho- or meta-isomer. In general all
three isomers are obtained in homolytic aromatic substitution
as the transition state involved in the addition step is
subject to less electronic distortion than in ionic
substitution. With bulky substituents however, (e.g.
t-butyl), steric hindrance dedctivates the ring towards
radical attack, pérticularly at the normally reactive ortho-
position. The extent of deactivation at the ortho- position
is dependent on the size and reactivity, and to a lesser
extent on the polarity, of the attacking radical. The ratio
of isomers obtained in the reaction of t-butylbenzene with

several radicals are given in Table 6.
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TABLE 6

Isomer yields obtained in homolytic

substitution of t-butylbenzene

Attacking ortho-(%) meta-(%) para-(%) Reference
radical

c~CgHqq o) 72 28 99
C6H50 24 49 27 101

It is theréfore considered that product (A) is probably
the meta-isomer (41), since the transition state involved in
the attack of the rglatively bulky (CF5)2N- radical at the
ortho~ position will be subject to considerable steric
interaction. ‘

An alternative mechanism by which the intermediate
cyclohexadienyl radicals may react is via coupling with the
(CFB)ENO‘ radicals (or with the oxadiazapentane) to give
NN-bistrifluoromethylamino-(NN-bistrifluoromethylamino~oxy)-
t-butyleyclohexadienes (51) [_Scheme 7; where R= (CF3),NO,
R'= (CF3)2N ] which may then react further with the
oxadiazapentane either via 1,4- or 1,2-addition to form

product (B).
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Formation of addition product (B) in the reaction of

the oxadiazapentane (7) with t-butylbenzene

CMe3
33

(CFz)oN- (CF3)N0° (40) + (41)
or(7)

H
: N(CF3)2

(50)
l(CF3)2NO° or (7)

CMe3
R )
(51) (B)
+ 1isomers + 1isomers
Scheme 7

It is improbable that the relative rates of oxidation
and coupling of the three possible isomeric cyclohexadienyl
radicals (50a, 50b, and 50c) will be the same, because of
the presence of the bulky amino- and t-butyl-substituents.
As a resuit, the yields of aromatic isomers obtained are
unlikely to reflect accurately the relative rates of initial

(CF3)2N- radical attack at the ortho-, meta-, and para-

positions.
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(50a) (50D) (50¢)

(ii) With 2-phenylpropan-2-ol

The reaction between an equimolar mixture of the
oxadiazapentane (7) and 2-phenylpropan-2-0l at room
temperature (18d) gave NN-bistrifluoromethylamine and NN-
bistrifluoromethylhydroxylamine [combined yield ca. 9% based
on (75], and a higher-boiling mixture which contained the
three isomeric dimers (A-C) (see p. 75) (combined yield ca.
10% based on alcohol), ca. eleven unidentified liquid products,
and an unidentified white solid (trace).

The complexity of the reaction mixture prevented the
separation of the higher-boiling products, although the
absence of carbonyl absorptions in the i.r. spectrum of the
mixture indicated that rearrangement/oxidation had not
occurred.

The low yields of lower-boiling products [1;9. (CFB)ENH
and (CF3)2NOﬁ] formed in the reaétion indicated that
hydrogen abstraction at the methyl group, or homolytic-
aromatic substitution by the (CFB)EN' radical had not
occurred to any great extent. It is therefore considered
that the complexity of the reaction is due, at least in part,

to the dehydration of the alcohol in situ as has been
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suggested for the corresponding oxyl reaction (p. ?73).

(¢c) The reaction of the oxadiazapentane with chlorobenzene

The reaction of the oxadiazapentane (7) with chloro-
benzene was carried out to investigate the extent of homo-
lytic aromatic substitution by the (CF3)2N- radical as a
route to NN-bistrifluoromethylaminochlorobenzenes of possible
synthetic utility.

An equimolar mixture of (7) and chlorobenzene on
reaction at room temperature (7d) gave unchanged (7) (19%
recovered), hydrogen chloride (8% based on consumed chloro-
benzene ), NN-bistrifluoromethylamine (7.5% based on consumed
oxadiazapentane), NN-bistrifluoromethylhydroxylamine [48%
based on consumed (7)], unchanged chlorobenzene (36%
recovered), ca. eleven minor unidentified products, a product
tentatively identified as an NN-bistrifluoromethylamino-
chlorobenzene (A) (ca. 43% based on consumed chlorobenzene),
and a product tentatively identified as a bis(NN-bistri-
fluoromethylamino )-bis(NN-bistrifluoromethylamino-oxy)chloro-
cyclohexene (B) (ca. 18% based on consumed chlorobenzene).

Product (A) was identified by the spectroscopic data
outlined below; the microanalysis figures were slightly
different from those required and indicated that the isolated
sample was slightly impure.

The i.r. spectrum showed absorptions at 3.25-3,32 (b—H .
str.), 6.08-6.85 (C:C ring str.), 7.43-8.64 (C-F str.), 10.22
(C-N str.), 14.12 (CFB def.), and 12,27-14.49 (C-H def.)dém

1

The 'H n.m.r. spectrum showed a broad singlet at & 6.9

pP.p.m., ané it was not possible to tell whether the product
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was the ortho- (52) or meta-substituted (53) isomer. Broad
complex absorptions were also seen at S 4.1-4.6 and 5.7-6.0
P.p.m., assigned to the impurity present in the isolated
sample. The 19F n.m.r. spectrum showed a singlet absorption
at § 16.75 (-20.5) p.p.m., typical of the fluorines in a
bistrifluoromethylamino group.

The mass spectrum showed peaks at m/e 263 (75.5%, E+),
244 [16%, (-F)*], 194 [29.5%, (u-cF3)*], 175 (30%,
C7H4C1F2N+), 111 (15%, CgH,C1"), and 69 (100%, CF5+).

Cl Cl

N(CF3)2

N(CF5),

(52) (53)

Product (B) was identified by the spectroscopic data
outlined below. The microanalysis figures were slightly
different to those required.

The i.r. spectrum showed absorptions at 3.23-3.39 (C-H
str.), 6.08-6.8% (C:C ring str.), 7.43-8.65 (C-F str.), 9.6
(C-0-N str.), 10.22-10.35 (C-N str.), 14.10 (CF5 def.), and
11.24-14 .45 (C-H def.)mm.

The 1

H n.m.r. spectrum showed poorly resolved, complex
absorptions at & ca. 3.3-4.9 (4H) and ca. 6.1-6.4 (1H) p.p.m;,
assigned to the )CHN(CF3)2 and )CHON(CFB)2 groups, and the
olefinic proton, respectively, together with an AA'BB! type

system centred on N ©.95 p.p.m., typical of the protons in



- 89 -

a para-substituted benzene derivative. It is therefore

considered that the isolated sample contained 4-NN-bistri-

fluoromethylaminochlorobenzene (54) as a contaminant.

Cl

N(CF5),
(54)

The 19F n.m.r. spectrum showed absorptions at & 12.1
(-25.0) (e), 17.35 (-19.9) (s), ca. 29.0 (-8.4) (c), and
29.6 (-7.7) (s) p.p.m., integrated intensities 1: 3: 3: 2.5,
It was not possible to determine which absorptions were due
to the bis(amino)-bis(amino-oxy)chlorocyclohexene (B) or to
the ngg-substitﬁted derivative (54).

The mass spectrum showed peaks at (i) m/e 600 (1%,
CqH5C1FgN50,"), 584 (2%, O, HsCLF,gN;0%), 432 (4%,
CoH5C1F 1 oN0"), 397 (2.5%, CaoHsFoN0"), 381 (1.5%,
010H5F12N2+), 296 (1%, 08H501F6N§9, 280 (11%, 08H501F6N0+),
264 (10%, 08H501F6N+), and 69 (100%, CF5+) assigned to
product (B), and (ii) 263 (4%, CgH,CIF.N'), 244 (8%,
08H401F5N+), 194 (3%, C7H401F5N+), and 111 (5.5%, CgH,C1"),
assigned to the para-substituted product (54).

The formation of the products may be explained by the
mechanism outlined in Scheme 8;|where R= (CF3)2NO, R'=

(CF5)N ]



Reaction of the oxadiazapentane (7) with chlorobenzene

Ccl cl
(CP3)oN- | , (CF5)oNO- | @
or (7)
R R’

Cl

(55) (52) (eortho-)
(53) (meta-)
CF 3) 8O-
or (7) (54) (para-)
Cl Cl
’ H
), N
H R H
R H R
B g B N\p,
" (56) + isomers (57) + isomers

Scheme 8

Oxidation of the intermediate cyclohexadienyl radicals -

(55) may conceivably occur via coupling with the oxyl or wvia
the induced decomposition of the oxadiazapentane (see p. 81).

/'

It was not possible to determine from the 'H n.m.r.

spectrum of the major product (A) whether it was the ortho-
(52) or meta-substituted (53) isomer. The ratio of isomers

obtained in the reactions of chlorobenzene with various

radicals are given in Table 7.
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TABLE

Isomer yields obtained in homolytic

substitution of chlorobenzene

Attacking ortho-(%) ggﬁg—(%) para-(%) Reference
radical :

Ph- 50 32 18 101
C=CgH. ., * 54 34 12 99
C-C3H5. 59 27 14 100

C6F5' 65 21 15 102

Since in all cases the major product is the ortho-
isomer, it is probable that the product (A) in the present
reaction is also the ortho-isomer (52).

The formation of product (B) indicates that the inter-
mediate cyclohexadienyl radicals (55) can also couple with
the oxyl (or the oxadiazapentane), to form the cyclohexadiene
(56) which then undergoes further reaction with 7.

The presence of hydrogen chloride in the products may
be explained by homolytic substitution of a chlorine atom
rather than a hydrogen atom. The fragmentation of the
chlorine atom from the intermediate cyclohexadienyl radical

(58) may be aided to some extent by the close proximity of
the (CF3)2NO- radical, i.e.
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PhCl
(CF,)N_ £1 (CF)
(CF3)2NOO + — + (CF3)2NO°
+ Clo.
(58) (55)

(52)-(54) + HC1

Although it is unlikely that the oxyl (6) would directly
couple with the free chlorine atoms (the oxyl does not react
with halogens), it is possible that some interaction occurs
which aids the fragmentation step (cf. B-scission of chlorine
;n B-chloroalkyl radicals, p. 62).

The replacement of a halogen rather than a hydrogen atom
in homolytic aromatic substitution is rather uncommon, but
several examples are knownl.lo}.105 Thus it has been found that
in the phenylation of bromo- and chloro-pentafluorobenzene,
fluorine was substituted in preference to bromine or chlorine.
The same pi:zture emerged from a study of the cyclohexylation
of dihalogenobenzenes, from which it was found that the ease
of replacement of halogens was in the order; F)I)Br}(tl:m5

It is apparent therefore that the ease of halogen

displacement is not dependent on the strength of the C-X bond
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and that displacement of halogen can occur mcre readily than

hydrogen under suitable conditions.

5. Acetyl migration

Reaction of the oxyl (6) with t-butyl acetate

A 2:1 molar mixture of the oxyl (6) and t-butyl acetate
on reaction at room temperature (41d) gave NN-bistrifluoro-
methylamine (ca. 3% based on oxyl), NN-bistrifluoromethyl-
hydroxylamine (49% based on oxyl), unchanged acetate (51%
recovered), 1,1-dimethyl-2-(NN-bistrifluoromethylamino-oxy)-
2-oxoethyl acetate (59) (40% based on consumed ester),
several minor unidentified products, and two products
tentatively identified as 1,1-dimethyl-2-(NN-bistrifluoro-
methylamino-oxy)ethyl acetate (60) (ca. 36% based on consumed
ester), and 1,1-dimethyl-2,2-bis(NN-bistrifluoromethylamino-
oxy)ethyl acetate (61) (ca. 15% based on consumed ester).

?HB CH5 ?H3
(CF3) N0 co<|30Ac (CF3) 2N00H2c|30Ac [( CF3 )21\10] 2CH(I)OAc
CH CH CH.
3 3 5
(59) (60) (61)

The di-ester (59) was identified by elemental analysis
and spectroscopic data. The two other major products (60)
and (61) were isolated together and were identified by a
consideration of the spectral data obtained for the two-
conponent mixture.

The i.r. spectrum of the di-ester (59) showed absorptions

at 3.3%-3%.45 (C-H str.), 5.47-5.71 (C:0 str.), 7.63-8.30 (C-F



str.), 9.44.or.9.59 (C-0-N str.), 10.26 (C-N str.), and
14,03 (CF3 def.) um.

The 1H n.m.r. spectrum showed singlet absorptions at 8
1.29 and 1.69 p.p.m, integrated intensities 2:1, assigned to
the (CH3)2C( gréup and the CHBC:O group, respectively. A
singlet absorption was observed in the 19F n.m.r. spectrum at

S 28.34 (-8.9) p.p.m., assigned to the fluorines of the
amino-oxy group.

Confirmation of the structure was obtained from the.
mass spectrum which showed peaks at m/e 282 [1%, (M-CH3)+],
238 [1%5, (U-CH300,)*], 196 [1%, (0Fy)Noco*], 145 (3%,
CHg04")s 129 (8%, CgHg05"), 101 (35%, CoHg0,*), and 59 (39%,
02H502+).

The i.r. spectrum of the mixture of products (60) and
(61) showed the characteristic absorptions of an amino-oxy
group, together with bands at 3.33-3.43 (C-1 str.), and 5.62-
5.88 (C:0 str.)um.

ki n.m.r. spectrum showed absorptions at & (i) 1.55

The
(s), assigned to the (CH3)20 groups of both compounds, (ii)

1.29 (s) and 3.96 (bs), assigned to the CH,CO and

3
-CH20N(CF5)2 groups, respectively, in the monosubstituted
compound (60), and (iii) at 1.13 (s) and 5.21 (bs) p.p.m.,
assigned to the CH,CO and -CH[bN(0F5)2]2 groups, respectively,
in the disubstituted compound (61).

The 19F n.m.r. spectrum of the mixture showed absorptions
at & 29,7 (-7.6) p.p.m., assigned to the fluorines of the

amino-oxy group in the monosubstituted compound (60), and

at & 28.8 (-8.5) p.p.n., assigned to the fluorines of the
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equivalent amino-oxy groups in the disubstituted compound
(61), (integrated intensities ca. 3:2).

The mass spectrum of ‘the mixture did not provide any
conclusive evidence for the disubstituted compound (61),
although peaks at m/e 268 [2.5%, (M-cH,)*], 224 [11%,
(tz-0ac)*], 115 {5%, [U-(CF5)N0]*], 101 { 3%, [M-CHgoN(cFB)ér}
59 (23.5%, OAc*), and 55 (69¢%, C4H7+) confirm the structure
of the monosubstituted compound (60).

Previous work has shown that the sﬁectra of amino-oxy-
substituted compounds rarely show a molecular ion peak, and
when it is present it is generally of low intensity. Hence,
it i1s not surprising that the disubstituted compound (61)
does not show a molecular ion peak and it is considered that
this is due in part to the ease of decomposition of the

compound in the mass spectrum, e.g.

e ,COAc — Me,COAc + (CFB)QNO-
CH [ON(CF3),], CHON(CF3),,
+
(61) (m/e 282)

l

Me,COAc  + (CF5)2N.
crot
(€2) (m/e 130)

The mass spectrum of the mixture showed a peak at m/e 130
(1.5%, C6H1003+) which corresponds to fragment ion (62).
The products may be explained by the mechanism outlined

in Scheme 9, [where R= (CF;) MO ] .
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Reaction of the oxyl (6) with t-butyl acetate

R. R. R.
MeBCOAc ZTRE—} Mea(i}OAc —_— MeaiOAc m—r) MGEZZ;C
(63) (60)

Re

(CFB)ENON(CFB)z + Me,COAc ¢— Me2?OAc
(7 CHO CHR,
R (-mm) (61)

B

(CF3)2N- + (CF3)2NO. M82?OA0
COR

(59)

Scheme 9

The formation of ester~type products via further attack
of the oxyl at an amino-oxy-substituted carbon may be
explained by several homolytic pathways (see p. 30). However,
the isolation of the disubstituted product (61) in this
reaction indicates that the above Scheme is probably involved
whereby the bis(amino-oxy) product undergoes decomposition
and the resultant aldehyde is then further scavenged by the
oxyl to give the di-ester (59).

Products arising from rearrangement or elimination of
the acetyl group were not observed and once again this
probably reflects the short lifetime of the intermediate
radical (63) due to the high concentration of oxyl.
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B. Intramolecular fragmentation

1. Cyclopropanes

Although cyclopropane itself does not readily undergo
ring opening, cyclopropylcarbinyl radicals have been
demonstrated to rearrange to homoallyl radicals under

suitable free-radical conditions, i.e.

[:::>>-?- L —— échHZCH:?——

This fragmentation process was studied in the present
work using (a) two cyclopropylcarbinols which may rearrange
to cyclic ketones. The rearrangement of A-hydroxyl radicals
has been shown to proceed via the enol and does not involve

106
the cleavage of the O-H bond, i.e.

?—OH —_—> CH2CH20H:?OH — CH2CH20H2?:O

and (b) cyclopropylphenylmethane, in which the ability of the
phenyl group to stabilise both the initially-formed cyclo-
propylcarbinyl radical and the rearranged homoallyl'radical,
is believed to lower the energy barrier between the two
intermediates.

(2) (i) Rezction of the oxyl (6) with cyclopropylcarbinol

The reaction of a 2:1 molar mixture of the oxyl (6) and
cyclopropylcarbinol at room temperature (10min) gave
Il-bistrifluoromethylhydroxylamine, unchanged alcohol (56%

recovered), and one major product (4) (ca. 95% based on
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consumed alcohol).

The reaction was then repeated using a 4:1 molar mixture
of the oxyl and cyclopropylcarbinol at room temperature
(10min) and this gave gy-bistrifluoroﬁethy1hydroxylamine (75%
based on oxyl), unchanged alcohol (ca. 2.5% recovered), and
product (A) (99% based on alcohol), which was identified by
elemental analysis and the spectroscopic data outlined below

as NN-bistrifluoromethylamino-oxycyclopropane carboxyiate

(64).
[:::>»— TSON(CFy),

(64)

The i.r. spectrum of compound (64) showed absorptions at
3.23-3.43 (C-H str.), 5.53 (C:0 str.), 7.68-8.30 (C-F str.),
9.59 or 9.75 (C-0-N str.), 10.30 (C-N str.), and 14.10 (CF3
def.)um.

The L

H n.m.r. spectrum showed absorptions at<§-@.4j (44,
d, J= 6Hz) and-5.76(1H, m) p.p.m. (relative to E-CC12C6H4),
assigned to the methylene and methine protons, respectively,
in the cyclopropyl ring. The 19F n.m.r. spectrum showed a
singlet absorption at & 29.0 (~8.2) P.p.m., typical of
fluorines in an émino-oxy group.

The mass spectrum showed peaks at m/e 218 [1%, (M-F).]
69 (100%, CF3*/C,H:0"), 41 (52%, C3Hs"), and 39 (31.5%, C3H 55.

(ii) Reaction of the oxyl (6) with cyclopropylmethylcarbinol

The reaction of a 2:1 molar mixture of the oxyl and

cyclopropylmethylcarbinol at room temperature (2min) gave
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NN-bistrifluoromethylhydroxylamine (49% based on oxyl),
IN-bistrifluoromethylamine (ca. 1.5% based on oxyl), ca. ten
minor unidentified products, and cyclopropyl methyl ketone.
(65) (60% based on alcohol), which was identified by a
comparison of its i.r. and n.m.r. spectra with those of an
authentic sample. The minor products could not be
effectively separated by preparative-scale g.l.c. and were
isolated as a mixture,.the i.r. spectrum of which showed
absorptions in the regioné 6.0-6.17 (C:C str.), 2.86-3,23
(0-H str.), and 5.71-5.81 (C:0 str.) um, together with bands

typical of an amino-oxy group.

The formation of the products in each reaction may be
explained by the mechanism outlined in Scheme 10 [Where
R= (CF;) N0, X= H or Me].

Hydrogen abstraction by the oxyl (6) gives the« -hydroxy
radical intermediate (66) which is then scavenged further by
(6) to give the carbonyl products (65) and (67). In the
case of cyclopropylcarbinol, the aldehyde (67) reacts further
by hydrogen abstraction followed by combination with (6) to
give the ester (64).

The faster rate of reaction of (6) with cyclopropyl-
‘methylcarbinol,compared to cyclopropylcarbinol is probably
due to the greater stability of the tertiary radical (66)

(X= lle) relative to the secondary radical (66, X= H).
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IOH 1>‘COH W CH20H20H:(lJOH —> etc.
X

X
(66) (e8)
IR'(—RH)
¢ wam [
¢ X=H
(67) (X=H) R.

(65) (X=Me)

Scheme 10

The extent of oxidation of cyclopropylcarbinols without
rearrangement is believe& to increase as the stability of the
intermediate A -hydroxy radical (66) is increased106and
therefore it is difficult to explain why the relative yield
of carbonyl product is lower with cyclopropylmethylcarbinol
than with cyclopropylcarbinol. It is unlikely that attack on
the cyclopropyl ring occurs as the reaction of (6) with
cyclopropane itself is relatively slow8. Furthermore, as the
carbonsd to the cyclopropyl ring in the starting material
may be stabilised by both the cyclopropyl ring and the oxygen
of the hydroxy group, it is unlikely that the cyclopropyl

methyl ketore formed suffers further hydrogen abstraction by
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the oxyl as the relatively acidic hydrogens of the methyl
group would not be expected to be particularly reactive
towards the electrophilic oxyl radical.

Therefore, it is suggested that the minor unidentified
products formed in the reaction of (6) with cyclopropyl-
methylcarbinol arise via ring opening of the intermediate
radical (66)(X= Me). Coupling of (6) with intermediate (66)
(X= Me) would be expected to be more sterically hindered and
hence slower than coupling with intermediate (66) (X= H),
thus allowing ring opening to compete with the coupling
reaction.

(iii) Reaction of the oxadiazapentane (7) with cyclopropyl-

carbinol

The reaction between an equimolar mixture of (7) and
cyclopropylcarbinol at room temperature (184) gave NN-bistri-
fluoromethylamine (ca. 73% based on oxadiazapentane),
HN-bistrifluoromethylhydroxylamine (yield not determined),
and a complex mixture of products which contained ca., eight
components of relatively short g.l.c. retention times, and
ca. sixteen components of much longer retention times and
which could not be separated. The i.r. spectrum of the
mixture showed strong absorptions in the region 5.62-5.95
(C:0 str.).um, together with bands expected for O-H str.,
C-F str., C-O-N str., and C-N str.

(iv) Reaction of the oxadiazapentane (7) with cyclopropyl-
methylcarbinol

The reaction between an equimolar mixture of (7) and

cyclopropylmethylcarbinol at room temperature (7d) gave
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NN-bistrifluoromethylamine (ca. 52% based on oxadiazapentane),
IN-bistrifluoromethylhydroxylamine (yield not determined),
tnchanged alcohol (ca. 18% recovered), and a complex mixture
of products which contained ca, eleven components of
relatively short g.l.c. retention times, and ca. eleven
components of longer retention times and which could not be
separated. Once again, the i.r. spectrum of the product
mixture showed strong absorptions in the region 5.65-5.95
(C:0 str.) am .

The formation of carbonyl products in each reaction
indicates that oxidation had taken place as observed in the
corresponding oxyl reactions. The complexity of the reaction
mixtures formed, however, indicates that ring opening had
also occurred to a large extent. The expected enolic radical
intermediate (68) then undergoes tautomerisation to the

keto- form, i.e. (where X= H or Me)

>~?0H — éH20H20H:cI:OH —> (.JH20H20H2?:0
X X X

(66) (68) JF7)

products

Due to the slower rate of chain-transfer in the reactions of
(7) compared to those involving the oxyl (6), the
intermediate (66) has time to undergo rearrangement.
Furthermore, recent work involving e.s.r. studies of the
intermediates involved in the reactions of cycloprbpyl—-

carbinols has indicated that the enolic radicals formed on
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ring opening can undergo a 1,5-shift of the enolic hydrogen
107
to give enoxyl radicals, i.e.

CH.. X cH, X
e LJ.\ l 2 \ l
COH — CH:C-Q —> | CH: (=0
% CHye H CH

This probably explains, at least in part, the complex-
mixtures of products formed in these reactions.

(b) (i) Reaction of the oxyl (6) with cyclopropylphenyl-

nethane

The reaction of a 2:1 molar mixture of (6) and cyclo-
propylphenylmethane at room temperature (10min) gave NN-bis-
trifluoromethylhydroxylamine (49% besed on oxyl), unchanged
cyclopropylphenylmethane (9% recovered), several minor
unidentified products, and cyclopropyl-(NN-bistrifluoro-
nethylamino-oxy )phenylmethane (69) (95% based on consumed
alkane), which was identified by elemental analysis and the

spectroscopic data outlined below.

CHPh
ON(CFB)2
(69)

The reaction was repeated in solution using a 1:2 molar
mixture of (€) and cyclopropylphenylmethane in 1,1,2-tri-
chloro-1,2,2-trifluoroethane at room temperature (10min) and

this gave Nil-bistrifluoromethylhydroxylamine (yield not
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determined), unchanged cyclopropylphenylmethane (71.5%
recovered), several minor unidentified products, cycldpropyl—
(WN-bistrifluoromethylamino-oxy)phenylmethane (69) (84.5%
based on consumed alkane), and a previously undetected
product (A) (ca. 8% based on consumed alkane) which was not
identified.

The i.r. spectrum of compound (69) showed absorptions at
3.27-3.44 (C-H str.), and 6.23-6.70 (C:C ring str.) «m,
together with bands typical of an amino-oxy group.

L n.m.r. spectrum showed absorptions at & (i) ca.

The
~5.2 (4H, c)y~7.% (1H, ¢), and-4.55 (1H, 4, J= 9Hz) p.p.m.
(relative to 2'01206H4)’ and (ii) & 6.87 (5H, ¢) p.p.m.
(relative to TMS), assigned to the methylene and methine
protons in the cyclopropyl ring, the proton in a )CHON(CF;)Q
group, and the aromatic ring protons, respectively.,

The 19F n.m.r. spectrum showed a broad absorption at 3
27.8 (-9.5) p.p.m., typical of the fluorines in an amino-oxy
group bonded to an asymmetric carbon.

The mass spectrum showed peaks at m/e 298 |:1%, (M—H)*],
257 ( 1%, ng5F6NO )s 131 (100%, C4oH 49 ") 91 (51%, CoH,Y),
77 (15%, CgHg "), and 41 (5%, CxHe .

The formation of the products may be explained by the
mechanism outlined in Scheme 11 [Where R= (CF5)2NO].

Although the minor product (A) was not identified, the
lower concentration of (6) used in the second reaction would

be expected to favour ring opening.
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Reaction of the oxyl (6) with cyclopropylyhenylmethane

Re o : R-
CHyPh ——piry? [:::>—CHPh [:::>—?th

ON(CF3),
(69)

?‘
CH,CH,CH:CHPh —E&=5 (4)
(70)

Scheme 11

(ii) Reaction of the oxadiazapentane (7) with cyclopropyl-

phenylmethane

The reaction of an equimolar mixture of (7) and cyclo-
propylphenylmethane at room temperature (1d) gave unchanged
(7) (53% recovered), NN-bistrifluoromethylamine [25% based on
consumed (7)], IN-bistrifluoromethylhydroxylamine (trace),
unchanged cyclopropylphenylmethane (48% recovered), and a
complex mixture of ca. nineteen products which could not be
separated or identified.

The products were investigated by coupled g.l.c./mass
spectrometry but the results were rather ambiguous and it was
difficult co assign structures., Several componeﬁts showed
base peaks at m/e 91, with a parent ion at m/e 28%, and on
this evidence they have been tentatively identified as
Il-bistrifluoromethylamino-substituted éycloprépanes of

general formula PhCH205H4N(CF5)2.
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The low yield of Ey-bistrifluoromethylhydroxylamine
indicates that little, if any, aromatic ring substitution by
the (CF3)2N- radical had occurred, probably due to the high
reactivity of the benzylic hydrogens towards abstraction.

The relatively low yield of NN-bistrifluoromethylamine
and the complexity of the reaction products may be explained
by further reaction of the ring-opened intermediate (70) and
the expected initial product from ring opening, 1—pheﬁyl—4-
(WN-bistrifluoromethylamino-oxy)but-1-ene (71), with the

oxadiazapentane (7), i.e.

CH,Fh (CF5)oN- CHPh

['(CF5>2NHj

CHECHECH:CHPh

(70)
R %
CH2:CHCH:CHPh (CFB)ENOCHchQCH:CHPh
(71)
(7) (?7)

etc., etc.



- 107 -

2. Pinenes
Under suitable conditions both 2- and 2(40)-pihene may
undergo ring opening due to the inherent strain in the four-

membered ring, e.g.

< Y Y
X _— —E 5 ete,

The mode of ring opening in free-radical reaciions is
confined to the above process which results in the relief of
ring strain and the formation of a tertiary radical since
radical rearrangements are in general less favourable than
those of corresponding carbenium ions.

With suitable reagents (e.g. NBS or £-BuOCl) both 2- and.
2(10)-pinene have been shown to undergo allylic hydrogen

69,108-110 ’
abstraction and thus it was considered that their
reaction with the oxyl (6) would possibly provide evidence
for both ring opéning and allylic migration.

As a comparison, the reactions of 2- and 2(10)-pinene
with the oxadiazapentane (7) were also investigated, although
in less detail than for (6). The ckain-transfer step in such
additions is believed to involve fission of the N-0-I bond
and being relatively slow should facilitate the fragmentation

with respect to that in oxyl reactions.
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(a) The reactions of the oxyl (6) with pineres

(1) With 2-(10)-pinene

The reaction of a 2:1 molar mixture of (6) and 2(10)-
pinene reached completion on warming from -196 °C to room
temperature and gave KN-bistrifluoromethylhydroxylamine (26%'
based on oxyl), unchanged 2(10)-pinene (19% recovered),
10-(HN~bistrifluoromethylamino-oxy)-2-pinene (72) (48% based
on consumed pinene), 1-(Eﬁ—bistrifluoromethylamino-oxy)-
methyl-4— [2'—(Ey-bistrifluoromethylamino~oxy)propyé]cyclo-
hex-1-ene (73) (10% based on consumed pinene), and two
disubstituted pinanes (A) (16.5%) and (B) (24% based on
consuméd pinene), which were identified as diastereoisomers

of 2,10-bis(¥N-bistrifluoromethylamino-oxy)pinane (74).

CHEON(CF3)2 H2ON(CF5)2 CH20N(CF3)2
; ON(CF3)2

Cie ;ON(CF5),
(72) (73) (74)

To observe the effect of dilution on the product ratio,
the reaction was repeated, again using a 2:1 molar mixture,
with slow passage of the oxyl through a solution of 2(10)-
Pinene in 1,1,2-trichloro—1,2,2—trif1uo:oethane. This gave
unchanged pinene (11.5% recovered), (72) (64%), 73 (7%); and
(4) (11.5%) and (B) (17.5%).

Thus, while the yield of monosubstituted product (72)
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increased, the three disubstituted products (73 (4: (B) were

present in almost the same ratio as in the neat reaction.

Surprisingly, the yield of rearranged product (73) was not
increased on dilution.

The isolated amino-oxy derivatives were identified by
elemental analysis and the spectroscopic data outlined below.
The microanalysis figures for the rearranged product (73)
were slightly different to those required and indicatéd that
the isolated sample was slightly impure.
10-(NN-bistrifluoromethylamino-oxy)-2-pinene (72)

The i.r. spectrum showed the characteristic bands of
an amino-oxy group together with absorptions at 3.29-3.52
(C-H str.), and 6.04 (C:C str.)an.

The 'H n.m.r. spectrum showed absorptions at & 0.62 (3H,
s), 1.08 (3H, s), 1.37-2.32 (6H, ¢), 4.11 (2H, s), and 5.37
(1H, m) p.p.m., assigned to the two methyl groups, the six
ring protons, the methylene protons in the -CH20N(CF3)2
group, and the olefinic proton, respectively.

The ng n.m.r. spectrum showed a singlet absorption at
S 41,7 p.p.m. (relative to B—CFgclSCGHﬁHJ assigned to the
fluorines in an amino-oxy group.

The mass spectrum showed peaks at m/e 303 (3%, M+), 288

[ 1%, Qu-cHz)*], 182 [1%, (0F5)qNoomy*], 135 (37%, CaoH5")s

and 91 (100%, C7H7+).
1~ (WN-bistrifluoromethylanino-oxymethyl-4=[2' - (MN-bistri-

fluoromethylamino-oxy)bropyl]cyclohex—ﬂ-ene (7%)

The i.r. spectrum showed the characteristic bands of an

amino-oxy group together with absorptions at 3.3%3-3,45 (C-H
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str.), and 5.91 and 6.02 (C:C str.) sm.

The qH n.m.r, spectrum showed absorptions at 8 0.63 (3H,
s)y 1.15 (3H, bs), ca. 1.4-2.4 (7H, c¢), 4.20 (°H, s), and ca.
5.5 ("H, m) p.p.m., assigned to the two methyl groups, the
seven ring protons, the methylene protons in the -CH20N(CF3)2
group, and the clefinic proton, respectively.

The 19F n.m.r. spectrum showed absorptions at & 42.2 (s)
and 41.4 (bs) p.p.m. (relative to B-CF201806H401), inﬁegrated
intensities 1:1, assigned to the fluorines in the
—CH20N(CF5)2 and (CF5)2NOCMe2 groups, respectively.

The mass spectrum showed peaks at m/e 471 lﬁ%, (M-H)+],
304 {13, [u-(cr,)0]*}, 290 (2w, [u-(cry) mocm,]*], 262
{1%,I:E—CCF5)2NOCMeé]+}, 210 [8%, (CPy) NoaMe,*], 136 (3%,
Ciotig™)s and 69 (100%, CF3*).

Diastereoisomer (A)

The i.r. spectrum showed only that it was an amino-oxy-
substituted alkane.

The L

H n.m.r. spectrum showed absorptions at & 0.91 (3H,
s), 1.05 (34, s), 1.24-2.40 (8H, c¢), and 4.09 (2H, m) P.DP.M.,
assigned to the two methyl groups, the eight ring protons,
and the methylene protons in the -CHEON(CFB)2 group,
respectively.

The 19F n.m.r. spectrum showed absorptions at & 42,2 (s)
and 4 05 (c) p.p.m. (relative to p-CF,C1SCcH,Cl), integrated
intensities 1:1, assigned to the (CF5)2NOCH2‘group, and the
sterically hindered -;\CON(CFB)2 group, respectively

The mass spectrum showed peaks at m/e 472 (1%, g*), 491

[1.5%, @-m)*], 304 {232, [Q-(0F3)2N0]+j,'182 [1.5%,
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(CF3)NOCH," ], 136 (36%, C,oHq6"), and 69 (100%, CFy*).

L]

Diastereoisomer (B)

The i.r. spectrum showed only that it was an amino-oxy
substituted alkane.

1H n.m.r. spectrum showed absorptions at 3 0.84 (3H,

The
s), 1.13 (3H, s), ca. 1.22-2.25 (8H, c¢), and 4.05 (22, m)
p.p.m., assigned to the two methyl groups, the eight ring
protons, and the —CH20N(CF5)2 group, respectively. The 19F
n.m.r. spectrum showed absorptions at & 28.32 (-8.5) (s)
and ca. 27.0 (-10.3) (¢) p.p.m., integrated intensities 1:1,
assigned to the fluorines in the (CF5)2NOCH2 group, and the
sterically hindered —¢ON(CF3)2 group, respectively.

The mass spectrum was virtually identical to that of
diastereoisomer (A).

The formation of the products may be explained as
outlined in Scheme 12 [where R= (CF5)2NQ].

Addition of the oxyl (6) to the double bond gives inter-
mediate (75) which may be directly scavenged to give the two
diastereoisomers (A) and (B) of compound (74),'or alter-
natively, undergo ring opening to give intermediate (76)
followed by scavenging by (6) to give the rearranged product
(73). |

The addition of thiols to 2(10)-pinene has been reported
to give only non-rearranged products69due to the high
concentration of efficient chain-transfer agent. As
scavenging of the intermediate radical (75) by the oxyl (6)
involves direct coupling of two radicals, the energy of

activation of the chain-transfer step is presumably very low,
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and the formation of the rearranged product (73), despite the
high concentration of oxyl, is probably due to steric inter-
action which hinders the approach of the relatively bulky
(CF5)2NO' radical.

Although it was not possible to deduce the stereo-
chemistry of the two disubstituted pinanes (A) and (B) from
their n.m.r. spectra, it is considered that the major isomer
(B) is the endo-adduct (74b) resulting from chain-transfer
with (6) on the side opposite to the )CMe2 bridge. Such
attack will involve the least steric hindrance; the minor

product (A) is therefore the exo-adduct (74a), i.e.

(CFB)2NO

(CF5)2NOCH2

R. 4
(CF5)2NOCH2__;<:::Ef§§é§ ,,,////’* (74a)
(CF5) ,NOCH,,
(CF3) N0
(74D)

Alternatively, (6) may abstract an allylic hydrogen to
give intermediate (77), which then undergoes chain-transfer
With (6) at the terminal carbon (i.e. the 10-position) giving

the monosubstituted product (72). Surprisingly, none of the
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3-substituted isomer (78) was detected amongst the reaction
products, and may indicate that an alternative mechanisnm,
involving hydrogen abstraction from intermediate (75) is
involved; this is discussed later (p. 119).

On dilution of the reactants the yield of rearranged
product (7%) did not increase as was expected, but instead
the yield of hydrogen abstraction product (72) increased, and
this may indicate that the addition of the oxyl (6) is

reversible to some extent.
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Reaction of the oxyl (6) with 2(10)-pinene

T

. (78)
*} CH,R
Re CHoR (-R.
\ . e o
CHoR

(75)

j (74)

CHR CH R
© R .
QMe2 CMeeR
(76) (73)

Scheme 12
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(ii) With 2-pinene

The reaction of a 2:1 molar mixture of the oxyl (6) and
2-pinene reached completion on warming from -196 °¢ to room
temperature and gave gy—bistrifluoromethylhydroxylamine (37%
based on oxyl), unchanged é—pinene (4.5% recovered), four
minor unidentified products, and two amino-oxy-substituted
products, which were identified by elemental analysisland the
spectroscopic data outlined below as 3-(MN-bistrifluoro-
methylamino-oxy)-2(10)~-pinene (78) (66.5% based on consumed
pinene ), and 2,3-bis(MN-bistrifluoromethylamino-oxy)pinane

(79) (20.5% based on pinene).

N(CF3)2

ON(CF
(CF3)5 W(CTy),

(78) (79)

5-(liN-bistrifluoromethylamino-oxy)-2(10)-pinene (78)

The i.r. spectrum showed absorptions at 7.70-8.33 (C-F
str.), 9.64 and/or 9.76 (C-0-N str.), 10.36 (C-N str.), and
14.08 (CF5 def.) «m, characteristic of an amino-oxy group,
and other absorptions at 3.25-3.48 (C-H str.), and 6.08 (c:c
str.) #nm.

T n.m.r. spectrum showed absorptions at S 0.44 (s)

The
1.07 (s), 1.38-2.33 (c), 4.31 (m) and 4.37 (m), and 4.75 (s)

and 4.88 (s) p.p.m., integrated intensities 3: 3: 6: 1: 2,



- 116 -

assigned to the two methyl groups, the six ringvprotons, the
methine proton in a -)‘CHON(CFB)2 group, and the olefinic
proton, respectively.

The appearance of two methine signals at § 4.%31 and 4.37
p.p.m. and two olefinic signals at & 4.75 and 4.88 p.p.m. can
be explained by the isolated sample consisting of the two
diastereoisomers (78a) and (78b) in the ratio 1:1 (as‘shown
by the integrated intensities). The methine and olefinic
protons in each isomer would be expected to have different

chemical shifts.

(78a) (78b)

The 19F n.m.r. spectrum showed two very broad signals at
$ 27.8 (~9.5) and 26.6 (-10.7) p.p.m., integrated intensities
1:1, assigned to tke fluorines in the sterically hindered
anino-oxy group of each diastereoisomer; the lower-field
signal is probably due to the more sterically hindered £x0-
isomer (78a).

The mass spectrum showed peaks at m/e 135 (37¢%, quH15+L
107 (33%, CgHy*/Coli0%), 93 (92%, CoHg*/CgH0™), 91 (49%,
C7H7+), and 69 (100%, CF3+).

2,3-Bis(lIN~-bistrifluoromethylamino-oxy)pinane (79)

The i.r. spectrum showed only that it was an amino-oxy--



- 117 -

substituted alkane.

The 'H n.m.r. spectrum showed absorptions at & 0.86 (3H,
s), 1.18 (3H, s), 1.38.(3H, s), 1.5-2.5 (6H, c¢), and ca. 4.6
(1H, m) p.p.m., assigned to the three methyl groups, the
seven ring protons, and the methine proton in a )CHON(CF5)2
group, respectively.

The 19F n.m.r. spectrum showed (i) a broad complex
absorption at & 27.8 (=9.5) p.p.m., and (ii) several over-
lapping absorptions in the region & 27.1 (-10.2) to 26.9
(=10.3) p.p.m., integrated intensities 1:1, which can be
explained by the isolated sample consisting of several
diastereoisomers in which the fluorines in each )C-ON(CF3)2
group have slightly different chemical shifts.

The mass spectrum showed peaks at m/e 304-{4.5%, [Eﬁ
(CF5)N0]* ), 152 (5.5%, C4gH,g0%)s 136 (34.5%, CgH,c*), and
69 (100%, CF3+).

In contrast to the reaction of the oxyl (6) with 2(10)-
pinene, the reaction with 2-pinene seemingly did not result
in rearrangement, although several minor producfs were formed
Which were not identified. The disubstituted pinane (79)
which was isolated appeared to be a mixture of several
diastereoisomers, indicating that both attack of (6) and
chain-transfer occurred from the exo- and endo-sides of the
molecule, although it was expected that the approach of (6)
would be predominantly on the side opposite to that of the
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(CF3)2NO
H

- exo- CH3 g
attack
endo-
attack

H

(CF5)2N
CH3
(80b)

Once again hydrogen abstraction was the major process,
but surprisingly only the 3-isomer (78) was obtained, i.e.

[ﬁhere R= (CF3)2NO]

X5 (78)

CH2R

(77) \5\ ‘

(72)
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The 10-isomer (72) was not detected in the reaction products
although if a common allylic radical intermediate (77) was
involved, as indicated above, it would be expected that
chain-transfer with the oxyl (6) would be more favourable at
the terminal carbon, as is the case for 2(10)-pinene.
Furthermore, recent work has shown that in the reactions of
E-bromosuccinimide69and t-butyl hypochloriteqogwith 2-pinene,
the 10-substituted isomer is obtained as the major prbduct.
An alternative mechanism which may explain the exclusive
formation of the monosubstituted isomer (78) is that the oxyl
(6) initially adds to the double bond in 2-pinene to give the
intermediate radical (80), which may then either couple with

(6) to give the disubstituted product (79), or undergo
further hydrogen abstraction, i.e. [where R= (CF3)2NO]

R
Re
R (78)
—R
. R .

(80) R\, &

(79
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As initial hydrogen abstraction from 2-pinene to give
the allylic radical intermediate (77) involves the removal of
a primary hydrogen atom, abstraction is not favoured with
respect to addition which gives a tertiary radical. However,
addition to the intermediate radical (80) is hindered so
hydrogen abstraction can now compete with addition to give
the monosubstituted product (78).

A similar mechanism may explain the exclusive formation
of the 10-substituted isomer (72) in the reaction of the oxyl
with 2(10)-pinene. However, as initial hydrogen abstraction
from 2(10)-pinene to form the allylic radical intermediate
(77) would involve the removal of a secondary hydrogen atom,
it may be that initial hydrogen abstraction is more favourable
in this case, and that abstraction may successfully compete
with addition.

(b) The reactions of the oxadiazapentane (7) with pinenes

(i) With 2(10)-pinene

The reaction between an equimolar mixture of (7) and
2(10)-pinene at room temperature (6d) gave a complex mixture
of products which included NN-bistrifluoromethylamine,
IN-bistrifluoromethylhydroxylamine, and four products
tentatively identified as 10-NN-bistrifluoromethylamino-2-
pinene (81) (ca. 15% based on piﬁene), 10-(NN-bistrifluoro-
nethylamino-oxy)-2-pinene (72) (ca. 7% based on pihene),
1-Ey-bistrifluorcmethylaminomethyl-4-[2'—(§E-bistrifluoro-
methylamino—oxy)propyl]cyclohex-ﬂ—ene (82) (ca. 10% based on
pinene ), and 1-NN-bistrifluoromethylaminomethyl-4-isopropyl~

cyclohex-1-ene (83) (ca. 20% based on pinene).
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(CF5) ,NCH,, (033)2N0H2 (CF 3 ) ,NCH,
CMe ,ON(CF5 ), fe,,
(81) (82) (83)

Products (81) and (72) were isolated together and
identified from the spectral data of the two~component mixture
[product (72) having been obtained previously in the reaction
of the oxyl (6) with 2(10)-pinene (p. 108)]. The rearranged
products (82) and (83) could not be isolated pure and as a
result the microanalysis results for the two compounds were
slightly different to the figures required.
10-NN-bistrifluoromethylamino-2-pinene (81) and 10-(NN-bis-

trifluoromethylamino-oxy)-2-pinene (72)

The i.r. spectrum of the mixture showed absorptions in
the regions 3.29-3.52 (C-H str.), €.05 (C:C str.), 7.27-8.62
(C-F str.), 9.62 (C-0-N str.), 10.34 (C-N s¢r.), and 14.08
and 14.39 (CF3 def.) ~m, which were expected for an alkene
containing both (CF5)2N and (CF5)2NO groups.

The 1H n.m.r. spectrum showed ebsorptions at S 0.61 (3H,
s), 1.06 (3H, s), and 1.4-2.35 (6H, c) p.p.m., assigned to
the two methyl groups and the ring protcns in both products,
~and at &-5-57 (24, bs) and 5.23 (1H, m) p.p.m., assigned to
the ~CH2N(CF5)2 group and the olefinic proton, respectively,
in product (81), and at & 4.1 (2H, bs) and 5.35 (1H, m) p.p.m
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assigned to the'-CHzoN(CF3)2 group and the olsfinic proton,
respectively, in the amino-oxy-substituted product (72)

The 19F n.m.r. spectrum showed singlet absorptions at

S 18.14 (-19.1) p.p.m., assigned to the fluorines in the

(CF5)2NCH2 group of product (81), and at & 28.92 (-8.4) p.p.m.
assigned to the (CF3)2NOCH2 group of product (72).

The mass spectrum showed peaks at m/e 135 (10%, C1OH15+)
91 (90%, C7H7+), and 69 (49%, CF5+), assigned to both
products, at m/e 303 (1%, 012H15F6N0+) and 288 (1%,
044H12F6N0+), assigned to the amino-oxy-substituted product
(72), and at m/e 287 (3%, G, H oFgN') and 272 (3%, CqqH, FeNh,
assigned to product (81).

1-IMT-bistrifluoromethylaminomethyl-4-[2'-(NN-bistrifluoro-

methylamino-oxy)propyl] cyclohex-1-ene (82)

The i.r. spectrum of the compound was not recorded,
since it could not be obtained pure.

The 7

H n.m.r. spectrum showed absorptions at & 1.04 (eH,
s), ca. 1.3-2.1 (7H, ¢), 3.44 (2H, bs), and 5.43 (1H, m)
p.p.m., assigned to two equivalent methyl groups, seven ring
protons, a —CH2N(0F5)2 group and an olefinic proton,
respectively.

The 19F n.m.r., spectrum showed singlet absorptions at:&
26.6 (-10.7) and 18.4 (-18.9) p.p.m., integrated intensities
1:1, assigned to the fluorines in the (CF3)2NOCMe2 group, and
(CF5)2NCH2 group, respectively.

The mass spectrum showed peaks at m/e 288 {19%,
[g-(CF5)2N0]+}, 246 {4%,|:E-(CF5)2NOCMe2]+}, 210 [223,
(CFE)QNOCMe2f], 166 [100%, (CF5)2NCH2+J, 136 (5%, CaoHie™),
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and 121 (36%, 09315+)
-NN—bistrifluoromethylaminomethyl-#-iéopropylcyclohex-1-ene

p
(83)

The i.r. spectrum was not recorded since the comﬁound
could not be obtained pure.

1H n.m.r. spectrum showed absorptions at 8-0.64

The
(3H, s), 0.70 (3H, s), ca. 0.9-2.0 (8H, c), 3.40 (2H, bs),
and ca. 5.4 (1H, m) p.p.m., assigned to the methyl groups,
eight methylene and methine protons, the protons in a
—CH2H(CF5)2 group, and an olefinic proton, respectively.

The 19F n.m.r. spectrum showed a singlet absorption at
S 18.4 (-18.9) p.p.m., in the region expected for fluorines
in a (CF5)2N group.

The mass spectrum showed peaks at m/e 289 (14%, M*),
274 [[2.5%, (M-CH,)"], 246 [5.54, (u-came,)*], 166 [91%,
(CF3)NCH, ], 137 (12.5%, CioHqn" ), and 67 (100%, CgHy ")

The formation of the isolated products may be explained
by the mechanism outlined in Scheme 13.

As expected, the yield of rearranged products was higher
than that for the corresponding oxyl reaction, due to the
slower rate of chain-transfer because of the relatively more
hindered approach of the bulky (CFB)?_NON(CFa)2 molecule.
towards intermediate (84).

On ring opening, the rearranged radical (85) may undergo
chain-transfer with the oxadiazapentane. (7) to give product
(82), or abstract a hydrogen'atom from the starting olefin

to give an allylic radical (77) and the monosubstituted
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product (83). This competition between the intermediate
radical undergoing chain-transfer with (7) and abstracting an
allylic hydrogen atom from the starting olefin has recently
been observed in the reaction of the oxadiazapentane (7) with
cyclohexene and is probably a consequence of steric effects
in the approach of the bulky oxadiazapentane molecule.
Reaction of the allylic radical (77) with (7) then gives the
monosubstituted amino-oxy product (72).

The intermediate allylic radical (77) may also arise via
hydrogen abstraction by the (CF3)2No radical, although this
is less prooable as the (CF5)2N' radical is known to
preferentially undergo addition, at least with acyclic
alkenes (e.g. penta-1,4-diene and allylbenzene). However,
the complexity of the products may be due in part to non-
allylic hydrogen abstraction by the intermediate (85) and
also to some extent by the non-rearranged intermediate (84).

The formation of the bistrifluoromethylamino-substituted
pinene (81) in reasonable yield is rather more difficult to
explain, although it is possible that it arises via
disproportionation of the intermediate radical (84), as

suggested may occur in the corresponding oxyl reaction.
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Reaction of the oxadiazapentane (7) witlh 2(10)-pinene

c‘:Hzn(_czFa)_2 2N(CF
(CF%)DN'> (CF5)N-
L(CF3)2NH]
(84) (81)
HoN(CF5) CH,N(CF3),
+ [:::i:::] «2(10)-pinene [:::i:::]
«Ie2H CMQ
(77) (83) (85) -
l(?) l('?)
CH20N(CF§)2 CH N(CF )2
+ (CFy)N- (CF3)
(72) Cife ;ON(CF),
(82)

Scheme 13
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(ii) With 2-pinene

The reaction between an equimolar mixture of the
oxadiazapentane (7) and 2-pinene at room temperature gave
Ill-bistrifluoromethylamine (ca. 23% based on oxadiazapentane),
Nll-bistrifluoromethylhydroxylamine [gg. 22% based on (7)], and
a complex mixtﬁre of ca. thirteen unidentified products which
could not be separated or identified.

It was rather difficult to determipe when the reaction
had reached cempletion and it was worked up after fifteen

days.

C. Cyclisation

1. Norbornadiene

The well-documented rearrangement of homoallylic
norbornyl radicals (86) to nortricyeyl radicals (87) via ring
closure is intimately bound with the ring opening of cyelo-
propylecarbinyl radicals (p. 97) and the migration of vinyl
groups.

Experimental data supports the existence of discrete
radicals in equilibrium (in which the nortricycyl radical is
generally favoured), and that, at least with norbornyl
derivatives having bulky C. or C7 substituents, a third

>
21
radical (88) may be involved, i.e.

(86) (87) (88)
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The ratio of prcducts obtained in radical additions
depends on whether this equilibrium can be established, and
on the environment at the radical site. Hence, the reactions
of the oxyl (6) and oxadiazapentane (7) with norbornadiene
were studied under various conditions to investigate the
extent of reafrangement.

(a) The reaction of the oxyl (6) with norbornadiene

The results of the reactions of the oxyl (6) with
norbornadiene under various conditions are summarised in
Table 8. The liquid-phase reactions were carried out in low-
temperature slush baths as it was found that the reaction of
a neat mixture of (6) and norbornadiene reached completion on
warming from -196 °C to room temperature and gave a black,
charred mixture of products.

Products (B) and (C) were identified as 2-exo-3-endo-

bis(NN~bistrifluoronethylamino-oxy)norborn-5-ene (89) and
2,43-ex0-ex0~bis(NN-bistrifluoronethylamino-oxy Jnorborn-5-ene
(90), respectively, on the basis of elemental analysis and
the spectroscopic data outlined below. Products (D) and (E)

were not isolated but were tentatively identified as

2-exo0-6-gndo~ (91) and 2-exo0-6-exo-bis(NN-bistrifluoromethyl-
amino-oxy)nortricyclane (92) on the basis of their coupled
g.l.c./mass spectra. The higher-boiling products (F-I) were
similarly tentatively identified as four of the eight
possible diastereoisomers of 2~g§g;3,5,6-tetrakis(§§-bistri-

fluoromethylamino-oxy)norbornane (93).
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TABLE 8
Reaction of the oxyl (6) with norbornadiene
1 2 3 4
() ~ (a)
Conditions neat solution solution gas phase
liquid
Tempegature —64 -78 ~64 (b)
(7C)

Ratio of 1.6:1 2:1 1:19 2:1
oxyl:diene
Reaction 2h 40min 1.5h (b)
time
Recovered ca.32 (¢) (¢) (c)
diene (%) -
Involatile (4) (4) (a) (d)
products

B (89) : 32 27 41 20

¢ (90) o8 34 39 15.5

D (91) 4 8.5 9 30.5

! .
E(92) | 10 7.5 8 22
F) E 5 13 - -
|
G 2 4 - -
£93) |

H ' 1.5 3 - -

1 1.5 3 - -
(a) Reaction carried out in solution of 1,1,2-trichloro-1,2,2~

trifluoroethane,
(b) Reaction complete on warming from -196 °¢ to .room
temperature.

gcg Jot devermined.
Ratio of products.
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(89) (90) (91)

(92) (93)
[r- (cr5)m0]

Product (B): 2-exo-3-endo-bis(WN-bistrifluoromethylamino-oxy )-

norborn;S-ene (89)

The i.r. spectrum showed absorptions at 3.25-3.47 (C-H
str.), 6.10-6.33 (C:C str.), 7.70-8.31 (C-F str.), 9.51 and
9.611(C—O—N str.), 10.35 (C-N str.), 10.88-12.90 (C-H def.),
and 13.77 and 14.08 (CF5 def. and/or C-H def.)sm, typical of
an amino-oxy-substituted alkene.

/I

The H n.m.r. spectrum showed absorptions at 8.1.54 (2|,

s), 2.79 (2H, ¢), 3.85 (1H, s), 4.37 (1H, bs), and 5.91 (2H,
m) p.p.m., assigned to methylene, méthine, two non-equivalent
protons in +wo )CHON(CF3)2 groups, and two olefinic protons,
respectively.

The 49F n.m.r. spectrum showed absorptions at & 29.2
(-8.1) (s), and 29.0 (-8.3) (bs) p.p.m., integrated inten-
sities 1:1, assigned to the fluorines of the two non-

equivalent endo- and exo- (CF5)2NOCH groups, respectively.
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The mass spectrum showed peaks at m/e 260 {1%,
Eg-(CF3)2N0]+}, 108 (12%, CHHg0"), 92 (3%, CoHg*), 79 (144,
C6H7+), 66 (100%, c5H6+), and 28 (5%, CoH,").

Product (C): 2,3-exo-exo-bis(NN-bistrifluoromethylamino—-oxy)-

norborn-5-ene (90)

The i.r. spectrum showed absorptions typical of an amino-
0Xy group together with bands at 3.25-3.47 (C-H str.), 6.12-
6.33 (C:C str.), 10.64-12.90 (C-H def.), and 13.77 and 14.08
(CF5 def. and/or C-H def.)smm,.

The 1H n.m.r. spectrum showed absorptions at éi ca. 1.7
(2H, ¢), 2.90 (2H, bs), 4.02 (2H, s), and 5.86 (2, m) p.p.m.,
assigned to methylene protons, methine protons, two
)CHON(CF3)2 groups, and two olefinic protons, respectively.

The 19F n.m.r. spectrum showed a broad absorption at &
28.85 (~8.4) p.p.m., assigned to the fluorines in two
relatively hindered equivalent amino-oxy groups.

The fragmentation pattern in the mass spectrum was
virtually identical to that of the exo-endo-isomer (89), with
additional peaks at m/e 427 [1%, (M-H)*], and 402 [1%,
(H-CoH,) ]

The base peak at m/e 66 observed in the mass spectra of
the two norbornene derivatives (89) and (90) is probably due

to fragmentation via a retro-Diels--Alder mechanism, i.e.
+eo +o
\ ~ + HCICH

(n/e 92) (n/e €6)
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Products (D) and (E): 2-exo-6-endo- (91) and 2-exo-6-ex0-

bis(N-bistrifluoromethylamino-oxy)nortricyclane (92)

In contrast to the norbornene derivatives (89) and (90),
products (D) and (E) both showed base peaks at m/e 79 (100%,
Celly™), together with peaks at m/e 260 {35%, [M-(CF5)N0]*],
108 (50%, c7H80+), 92 (164%, C7H8+), and 66 (92%, C5H6+).. The
intensities given are for product (D) although the values for
product (E) were very similar.

Products (F-I): 2-exo0-3,5,6-tetrakis(NMN-bistrifluoromethyl~-

anmino-oxy)norbornane (93)

The mass spectra of the four products were very similar
and showed peaks (e.g. for product F) at m/e 596 {6%,
@g-(CFB)eNQJ+}, 428 (123, C,qHgF, o N,0,%), 276 (19%,
CoHgFeNO,™), 260 (33%, CoHgFNO™), 124 (43%, CoHg0,"), 108
(46%, CHHgO"), 79 (83%, CglHy*), 69 (100%, CF5*), and 66 (524,
C5H6+).

The formation of the products may be explained by the
mechanism outlined in Scheme 14-[Where R= (CF3)2NQ].

Although radical attack on norbornadiene (and norbornene)
is believed to be predominantly from the exo- direction, due
to steric interference between the endo-5~-hydrogens and the
attacking radical, chain-transfer may occur from both the £xo-
and endo- directions?qurOWn has reported 85that the reaction
of the oxyl (6) with norbornene gave the trans- and cis-

adducts (94) and (95) in the ratio 1.3%: 1, i.e.
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ON(CF )2 ON(CF

2Re ON(CF

N(CF3)
(94) (95)

The ratio of norbornene derivatives (89) and (90)
obtained in the reactions of the oxyl (6) with norbornadiene
under various conditions did not vary considerably from ca.
1:1, and indicates that chain-transfer by the oxyl with
intermediate (96) is equally favourable from both the £X0-
and endo- directions.

Alternatively, the intermediate radical (96) may
rearrange to the nortricycyl radical (97), and in the gas-
phase, where the relatively low concentration of (6) allows
the equilibrium to be established, it was found that the
relative yields of nortricyclane derivatives (91) and (92)
were increased at the expense of the.norbornene derivatives
(89) and (90).

The reactivity ofeach double bond in norbornadiene

IS believed to be only about equal o that of the double bond
1nxnoﬁbornene111and consequently it is suggested that the
higher-boiling products (F~I) are formed via further attack
of (6) on the ncrbornene derivatives (89) and (90). 1In
support of this, when an excess of diene was used, or when
the reaction was carried out in the gas phase, the higher-

boiling products were not detected.
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Reaction of the oxyl (6) with norbornadiene

R R
R .
—_— —————-—)

(96) (97)
/- R*
R R R R R
+ R +
R
(89) (90) (92) (9N
JzR-
R
R
R R
(93)

Scheme 14
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(b) The reaction of the oxadiazapentane (7) with norborna-

diene

The reaction of an equimolar mixture of the oxadiaza-
pentane (7) and norbornadiene in 141,2-trichloro-1,2,2-
trifluoroethane at room temperature (ca. 8d) gave, on removal
of the lower-boiling material, a yellow gelatinous solid
which could not be separated by column chromatography or by
t.l.c. (using acetone, chloroform or 1,1,2—trichloro-1,2,2-
trifluoroethane as eluants).

The i.r. and n.m.r. spectra of the material were very
complex and poorly resolved and showed only that it was an
amino- and amino-oxy-substituted alkane. The mass spectrum of
the mixture showed peaks at m/e 580 (1%, C15H8F18N502+)' 503
(1%, CqglgPaoN 07Dy 427 (s CozHosFeN"/CqqHgF oN;0,"), 412
(1%, C14HgP1l,0"), 336 (1%, CigH gFEN'), 275 (1%, CogHps™),
260 (2.5%, CoHgFNCT/ConHon™), 244 (22%, CoHgFgN™), 184 (1. Stky
CruHag™)s and 69 (100%, CF5+). It is considered that the
material contained telomers of the general formulae
(CF5)2N(C7H8)HON(CF5)2 (where n=1,2,...), together with
bis(gﬁ-bistrifluoromethylamino—oxy)-Eg—bistrifluoromethyl—
amino-substituted norbornene units.

The material was dissolved in 1,1,2-trichloro-1,2,2-
trifluoroethane and on removal of the solvent by condensation
in vacuo the residual lower-boiling material 'trapped' in the
gelatinous material was removed, and gave a white solid; the
i.r. and n.m.r. of which were very complex and therefore the
material was not investigated further.

Norboiradiene may undergo polymerisation under suitable
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free-radical conditicns to form soluble low molecular weight
polymers?ann contrast, norbornene does not polymerise
readily and thus it is believed that the nortricycyl radical
is involved in the prop gation step in the polymerisation
rcaction, although the resultant polymer may be composed
mainly of 5,6-disubstituted norbornene unitsquOr alter-
nating 5,6-disubstituted norbornene and %,5-disubstituted

112
nortricyclane units, i.e.

Although the nortricyclane structure is favoured
energetically, it is believed that a polymer cdmposed
entirely of nortricyclane units would be subject to consid-
erable strain.

It is considered that polymerisatiocn occurs in the
reaction of the oxadiazapentane (7) with norbornadiene as a
result of the slow rate of chain-transfer; the unreacted 7))

may then undergo 1,2-addition to the unsaturated norbornene
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units in the polymer chains which explains the peaks in the
mass spectrum at m/e 580, 503 and 427,
2. Octenes.

Under suitable free-radical conditions, cyclo-octa-1,5-
diene undergoes ring closure to give bicyclo{}.}.oj—octanes,

i.e.

X X

As expected, the extent of ring closure is dependent both on
the temperature and on the concentration and efficiency of
the chain-transfer agent.

In the present work, the reaction of cis-cis-cyclo-octa-
1y5-diene with the oxyl (6) and with the oxadiazapentane (7)
were studied. The reaction of the oxyl (6) with cyclo-octene
Was also investigated to determine whether products arising

from a 1,5-shift of hydrogen were formed, i.e.

[:::::::] § (::::i;:] (::;::;:] -
X X

Although not strictly a ring-closure reaction (as
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cyclisation does not occur), the six-membered transition
state involved in the rearrangement step is believed to allow
an approach to colinearity for the transfer of hydrogen,.
which favours the transannular rearrangement.

(a) (i) Reaction of the oxyl (6) with cis-cis-cyclo-octa-~

1,5-diene

The reaction of a 2:1 molar mixture of the oxyl (6) and
the diene reached completion on warming from -196 °C to room
temperature and gave Eg—bistrifluoromethylhydroxylamine (43.5
¢ based on oxyl), unchanged diene (3 % recovered), and a
complex mixture of higher-boiling products from which were
separated (i) an.unidentified monosubstituted NN-bistri-
fluoromethylamino-oxy)cyclo-octene derivative (A) (30% based
on consumed diene), (ii) a mixture of two products (B) and
(C) (ca. 1:1 ratio), tentatively identified as a bis(amino-
oxy)cyclo-octadiene (ca. 13%) and a bis(amino-oxy)cyclo-
octene (ca. 16% based on consumed diene), and (iii) a mixture
of two products (D) and (E) tentatively identified as a
bis(amino-oxy)cyclo-octadiene (ca. 1%%) and a bis(amino-oxy)-
cyclo-octene (ca. 16% based on consumed diene)(ca. 1:1 ratio)

A coupled g.l.c./mass spectrum of the mixture was
recorded, but adequate separation of the products could not
be achieved.

The monosubstituted product (i) was identified by
elemental analysis and the spectroscopic data outlined below.
Although the 1H n.n.r. spectrum was not sufficiently clear to

allow the determination of the position of substitution, it

is considered that of the two isomers that may be formed as a
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result of scavenging of the allylic intermediate (98) by the
oxyl (Scheme 15), 3-(NN-bistrifluoromethylamino-oxy)cyclo-
octa-1,5-diene (99) is the more probable, as molecular models
show that the other possible isomer, the cyclo-octa-1,4-diene

derivative (100), is subject to considerable ring strain.

ON(CF5)2

ON(CF3)2

(99) (100)

The i.r. spectrum showed the characteristic absorptions
of an amino-oxy group together with bands at 3.3%33-3.53 (C-H
str.), and 6.02 (C:C str.)«m.

The 1H n.m.r. spectrum showed absorptions at S ca. 1.7-
2.6 (6H, ¢), ca. 4.8 (1H, m) and ca. 5.3 (4H, ¢) pP.p.m.,
assigned to the methylene protons, the )CHON(CF5)2 group, and
the olefinic protons, respectively, while the 19F n.m.r.
spectrum showed a 3inglet absorption at & 28.5 (-8.8) p.p.m.,
characteristic of the fluorines in an amino-oxy group.

The mass spectrum showed peaks at m/e 275 (2%, E+), 123
(2.5%, CgH40™), 107 (100%, CgHy ™), 79 (94%, CgH,*), and 69
(679, CF5+).

Products (B) and (C) were isolated together and
identified from the spectral data of the two-component
mixture., The elemental analysis figures obtained for the

mixture showed it to contain compounds of formulae
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CaotlgoF1oN50, and/or €, H, F N0,

The i.r. spectrum of the two-component mixture showed
absorptions typical of an amino-oxy group, together with
bands at 5.30-3.48 (C-H str.) and 6.08 (C:C str.)um.

The 'H n.m.r. spectrum was poorly resolved and showed
broad complex absorptions at 8-23. 1.0-2.6 (12H, c), ca. 4.2
(2H, c), ca. 4.,6-5.0 (2H, ¢), and ca. 5.2-5.8 (6H, ¢) p.p.m.,
assigned to twelve methylene protons, four >CHON(CF3)2
groups, and six olefinic¢ protons, respeétively, in the two
compounds.

The ng n.m.r. spectrum showed several overlapping
absorptions at Sugg. 28.8 (-8.5) p.p.m., in the region
expected for fluorines in amino-oxy groups.

The mass spectrum showed peaks (i) at m/e 79 (100%,
c6H7+) and 69 (70%, CF5+) which were assigned to both
compounds, (ii) at m/e 290 (1%, C,qH,oFNO,"), 274 (4%,
010H10F6NO+), 260 (1%, 09H8F6NO+), 122 (13%, 08H100+), and
106 (519%, 08H10+)’ assigned to the cyclo-octadiene derivative
(B), and (iii) at m/e 276 (1.5%, G, H, FNO"), 262 (1%,
09H12F6NO+), 124 (20%, 08H12O+), and 108 (11%, 08H12+), which
were assigned to the cyclo-octene derivative (C).

Products (D) and (E) were isolated together and
identified by spectroscopic data obtained for the two-
component mixture. The elemental analysis figures of the
mixture indicated that it was a mixture of compounds of
formulae CqolgoF o050, and/or CholoF 12805

The i.r. spectrum of the two-component mixture showed

the characteristic absorptions of an amino-oxy group,
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together with bands at 3.29-3.51 (C-H str.) and 6.04 (C:C
str.).«nm.

The 1H n.m.r. spectrum showed broad complex absorptions
at S ca. 1.2-2.4 (12H), 4.12 (2H), ca. 4.8 (2H), and ca. 5.2-
5.8 (6H) p.p.m., assigned to twelvé methylene protomns, four '
CHON(CF3)2 groups, and six olefinic protons, respectively,
in the two compounds.

The 19F n.m.r. spectrum showed (i) a broad complex:
absorption at & 28.5 (-8.9) p.p.m., and (ii) several over-
lapping absorptions at S ca. 28.8 (-8,5) p.p.m., integrated
intensities ca. 1:1, in the region expected for fluorines in
amino-oxy groups.

The mass spectrum showed peaks at (i) m/e 425 (1%,
CaolyoPqqN5057), 292 (1%, C oH,FNOLY), 276 (1%,
010H12F6N0+), assigned to the cyclo-octene derivative (E),
(i1) at m/e 290 (1%, C,oH,oFNO,*), and 274 (1%, C,H,FeNO*),
assigned to the cyclo-octadiene derivative (D), and (iii) at :
m/e 69 (100%, CF5+), assigned to both compounds.

The formation of the products may be explained by the
mechanism outlined in Scheme 15 |where R= (CF5)N0] .

The isolated products represent a reasonable yield (gg.
86%) and although products (B-E) could not be isolated pure,

the 1

H n.m.r. spectra of the two mixtures showed strong
absorptions in the region expected for olefinic protons,
indicating that cyclisation had not occurred.

Unlike the reaction of the oxyl (6) with cyclo-octene
(p. 149) where only one disubstituted product (probably the

trans-adduct) was obtained in reasonable yield, evidence was
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obtained in the cyclo-octa-1,5-diene reactiorn for the
formation of two disubstituted cyclo-octene derivatives (in
the ratio ca. 1:1), indicating that in this case anti-
addition of (6) was not favoured over syn-addition.

Alternatively, the oxyl (6) can abstract a hydrogen atom
To form the allylic radical intermediate (98), which may then
be either directly scavenged by (6) to give the monosubstituted
cyclo-octadiene derivative (99)'[or (100)] , or suffer
further hydrogen abstraction to give the conjugated cyclo-
octatriene (101) which is then quickly scavenged by (6);
although several disubstituted isomers are possible, only two
were formed, and it was not possible to identify them.

A related reaction is that between the oxyl (6) and

83
cyclopentene which affords bis(amino-oxy)cyclopentenes, i.e.

O e Oreae O

2Re

N(CF3),
(CF 5 SN0 ' ON(CF5) ON(CF3),
+
) )

(5% (3%
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Reaction of the oxyl (6) with cyclo-octa-1,5-diene

(=0

Re(-RH)

™~

. §

(98)

(-RH)

Q | 2R.

(101)

Scheme 12_

(C) and (E)

(99)

(B) and (D)

(resulting from
1,6-addition)
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(ii) Reaction of thc oxadiazapentane (7) with cyclo-octa-

1,5-diene

The reaction of an equimolar mixture of the oxadiaza-
pentane (7) with the diene at room temperature (6d) gave
Fl-bistrifluoromethylamine, IH-bistrifluoromethylhydroxyl-
amine, unchanged cyclo-octadiene (10% recovered), an
unidentified monosubstituted amino-oxy-cyclo-octadiene (A)
(ca. 13% based on consumed diene), a product tentatively
identified as 1-NN-bistrifluoromethylaminocyclo-oct-5-ene
(102) (ca. 9% based on consumed diene), and two diastereo-
isomers of 1-EN-bistrifluoromethylamino-2(NN-bistrifluoro-
methylamino-oxy)cyclo-oct-5-ene (103) (34% and 28% respect-

ively, based on consumed diene).

(CF3) (CF3) N QN(CF5),

(102) (103)

The two diasteréoisomers of compound (103) were
identified by elemental analysis and the spectroscopic data
outlined below,

The 1H n.m.r. spectra of the two diastereoisomers were
poorly resolved and were of little ﬂélp in determining which
of the two products was the trans-isomer and which was the

cis-isomer; each showed broad complex absorptions in the
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regions S.gg. 1.2-2.5 (8H), ca. 3.6-4.3 (2H), and ca. 5.5
(2H) p.p.m., as expected for methylene protons, the protons
in ‘,\CHOI\I(CF3)2 and >CHN(CF3)2 groups, and olefinic protons,
respectively.-

The 19F n.m.r. spectrum of the major diastereocisomer (1).
showed absorptions at & 27.9 (-9.3) (c¢) and 15.7 (-21.6) (s)
P.p.m., integrated intensities 1:1, assigned to the fluorines
in (CF3)2NOCH and (CF3)2NCH groups, respectively. The an
n.m.r. spectrum of diastereoisomer (2) showed (i) a broad
singlet at S 28.0 (-9.2) p.p.m., and (ii) broad complex
absorptions at & ca. 18.7 (-18.6) p.p.m. and $ ca. 11.9
(-25.4) p.p.m., integrated intensities 2: 1: 1, assigned to
fluorines in a (035)2NOCH group, and non-equivalent CF3
groups in a (CF5)2NCH group, respectively. It is considered
that diastereoisomer (1) is the trans-adduct (103a), where
the bulky (CFB)ZN and (CF3)2NO groups are anti- to each
other, and that diastereoisomer (2) is the cis-adduct (103b).

resulting from syn-addition, i.e.

(CF3)2N ’/ON(CF5)2 (CF5)2N ON(CF5)2

(103a) " (103b)
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The greater hindrance towards rotation of the CF5 groups in
the (CF3)2NCH group of the cis-isomer results in the non-
equivalence as seen in the 19F n.n.r. spectrum.

The i.r. spectrum of diastereoisomer (1) showed
absorptions at 3.29-3.46 (C-H str.), 5.87 and 6.07 (C:C str.),
6.94-8.70 (C-F str.), 9.69 (C-0-N str.), 10.36 (C-N str.),
and 14.08 (CF3 def.)#m, while that of diastereoisomer (2)
showed absorptions at 3.31-3.48 (C-H str.), 5.87 and 6.05
(C:C str.), 6.97-8.70 (C-F str.), 9.62 (C-0-N str.), 10.33
(C-N str.), and 14.03 (CF3 def.) qum.

The mass spectra of the two isomers were very similar
and showed peaks at m/e 276 [2%, [E-(CF5)2NJ+"3, 260 {16%,
E@-(CF5)2N0]+}, 124 (7%, CgH,0%), 108 (6%, Call, "), 81
(100%, CgH0"/Clg"), and 69 (49%, CF;*).

The i.r. and mass spectra of the monosubstituted product
(A) were not recorded as insufficient sample was isolated.

The |

H n.m.r. spectrum showed complex absorptions in the
regions § ca. 1.2-2.6 (6H), ca. 5.05 (1H), and ca. 5.5 (4H)
p.p.m., assigned to methylene protons, a,\CHON(CF3)2 group,
and olefinic protons, respectively, while a singlet
absorption was observed in the 19F n.m.r. spectrum at s 27;0
(-10.3) p.p.m., typical of the fluorines in an amino-oxy
group.

The g.l.c. retention time of compound (A) was identical
to that of the monosubstituted product obtained in the
reaction of the oxyl (6) with cyclo-octa-1,5-diene (p. 137).
However, the n.m.r. spectra of the two compounds were very

poorly resolved and were not sufficiently clear to allow a
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direct comparison to be made of the two spectré.

It is considered, however, that as suggested for the
oxyl reaction, chain-transfer of the allylic intermediate
(98) with the oxadiazapentane (7) is predominantly at the
A4-position, to give the relatively less strained cyclo-octa~

1,5-diene derivative (99), i.e.

+ (CF3)2N'

y’ ON(CE3)z
(99)
%

(98)

+ (CF5)2N-~

(CP5) N0
(100)

The i.r. and mass spectra of the amino-substituted
cyclo-octene derivative (102) were not recorded as only a
small amount of contaminated material was isolated.

The 1

H n.m.r. spectrum was poorly resolved and showed
broad complex absorptions at § ca. 1.2-2.5, ca. 3.1-3.7, and
ca. 5.7 p.p.m., as expected for methylene protons, a
)CHN(CF5)2 group, and olefinic protons, respectively. The

relative intensities of the absorptions were rather unclear
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dﬁe to the poor resolution of the spectrum. levertheless,
the relative intensities of the olefinic absorption and the
)CHN(CFB)2 group absorption were closer to 2:1 rather than
4:1 as would be expected for a cyclo-octadiene derivative.

The 19F n.n.r, spectrum showed a singlet absorption at
§ 14.15 (-23.1) p.p.m., assigned to the fluorines in a
(CFBDEN group.

The formation of the products may be explained by the
mechanism outlined in Scheme 16.

Although the monosubstituted amino-oxy derivative (99)
was only obtained in low yield (ca. 13%), the amounts of the
lower-boiling products (Nl-bistrifluoromethylamine and NN--
bistrifluoromethylhydroxylamine) indicated that considerable
hydrogen abstraction had occurred.

The slow rate of chain-transfer of the intermediate
cyclo-octyl radical (104) with the oxadiazapentane (7) results

in competition between formation of the addition products
(103a) and (103b), and abstraction of hydrogen by the cyclo-
octyl.radical intermediate (104) from the starting materia)
to form the bistrifluoromethylamino-substituted cyclo-octene
(102) [gi. reaction of (7) with 2(10)-pinene (p. 120)].

The identified products were formed in reasonable yield
(ca. 84%) and thus rearrangement of the intermediate cyclo~-
octyl radical (104) was not favoured although cyclisation
would perhaps have been expected since the oxadiazapentane (7)

is not recognised as an efficient chain-transfer agent.
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Reaction of the oxadiazapentane (7) with cyclo-octa-1,5-diene

(CF3); N(CF3),
(104)

(7) | klene

Q (G

(CF3) N0 N(CF3), H N(CFz),
(103) (98) (102)
(7)
(CFa)gN' N ___LZL_>
[-(cr3) ] ' ON(CF3),
(98) '(99)

Scheme 16
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(b) The reaction of the oxyl (6) with eyclo-octene

The reaction of a 2:1 molar mixture of the oxyl (6) and
cyclo-octene reached completion on varning from -196 °c to
room temperature and gave gﬁ-bistrifluoromethylhydroxylamine
[ﬁo% based on (6)], unchanged olefin (18% recovered), three
minor unidentified products, 3-(Nli-bistrifluoromethylamino-
oxy)cyclo-oct-1-ene (105) (20% based on consumed olefin), and
1,2-bis(Eﬂ-bistrifluoromethylamino-oxy)qyclo—octane (106)

(67.5% based on consumed olefin).

(CF5) N0 ON(CF3),

ON(CF5),

(105) (106)

The two isolated amino-oxy derivatives were identified
by elemental analysis and spectroscopic data.

3-(Ii-bistrifluoromethylamino-oxy)eyclo-oct-1-ene (105)

The i.r. spectrum showed the characteristic absorptions
of an amino-oxy group together with bands at 3.30-3.50 (C-H
str.) and 6.06 (C:C str.)_cm.

/]

The I n.m.r. spectrum showed (i) broad complex

absorptions at 8 ca. 1.35 (6H) and 1.9 (4H) p.p.m., assigned
to the methylene protons [the lower-field signal probably
being due to the protons adjacent to the olefinic and

)CHOH(CF3)2 groups] , and (ii) muliiplets at & ca. 4.73 (1H)
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and 5.4 (2H) p.p.m., assigned to the methine proton in a
)CHON(CF3)2 group, and the olefinic protons, respectively.

The 1925‘ n.m.r., spectrum showed a broad absorption at &
28.4 (-8.8) p.p.m., typical of the fluorines in an amino-oxy
group.

The mass spectrum showed peaks at m/e 277 (1%, g*), 276
2%, @-m*], 125 (1%, ©gH,50*), 109 (55%, CgH,5*), and
67 (100%, 05H7+).
1,2-Bis(lil-bistrifluoromethylamino-oxy)cyclo-octane (106)

The i.r. spectrum showed only that it was an amino-oxy-
substituted alkane.

The 1§ n.m.r. sPectrum showed (i) broad absorptions at
S ca. 1.4 (8H) and ca. 1.75 (4H) p.p.m., assigned to the
methylene ring protons [the lower-field signal probably being
due to the protons adjacent to the )CHON(CF3)2 groups] , and
(ii) complex signals at & 4,05 (1H) and 4.18 (1H) p.p.m.,
assipgned to the protons in the non—‘-equivalent)CHON(CFB)2
groups, respectively.

The 19_’? n.m.r, spectrum showed absorptions at cg 28.5
(-8.7) (s) and 28.25 (-9.0) (bs) p.p.m., integrated inten-
sities 1:1, assigned to the fluorines in the two amino-oxy
Zrouns.

The mass spectrum showed peaks at m/e 278 {1.5%,
Eg-(CF5)2N0]+Z, 126 (5.5%, CgH,,0%), 110 (9%, CgH,,*), and
109 (100%, C8H13+).

The formation of the products may be explained by the
mechanism outlined in Scheme 17,

"hile the reaction of the oxyl (6) with Cg=Cr, cyclo-
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83
alkenes has been reported to give monosubstituted amino-oxy

derivaﬁives as the major products (66-93%), via allylic
hydrogen abstraction, the reaction with cyclo-octene gives
the adduct‘(106) as the major product. It is suggested that
due to the riﬁg strain in cyclo-octene, ring skewing is very
acute and results in poor stabilisation of the gyclo-octenyl

radical intermediate (107).

R+ (~RH)

(107) (105)
Scheme 17

The transannular 41,5-shift of hydrogen'is believed to
involve an energy of activation of ca. 38-19 Kcal/mol and is
poorly competitive with scavenging by (6) [to give the adduct

(106)]'under the conditions used in this reaction.
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Only one disubstituted adduct was isolated from the reaction
mixture and although it was not possible to unequivocally
determine whether it was the trans- or cis-isomer from a
consideration of its n.m.r. spectra, it is considered that
the trans- configuration is the more likely, as anti-addition
will involve the least steric crowding and have more
favourable dipole-dipole interactions.

Previous work in this department involving the reactions
of the oxyl (6) with 04-07 cyclo-alkenesSBhas shown that
disubstituted trans- and cis-adducts were formed in the ratio
ca. 3:1, with the exception of cyclo-pentene which gave a
relatively higher ratio (ca. 10:1). As the identified
products represent a high yield (87%), syn-addition of the
oxyl (6) to cyclo-octene to give the cis-isomer must at best
be only a minor reaction, probably due to steric interactions
between the ring hydrogens in the cyclo-octyl intermediate

(108) and the approaching oxyl radical.

D. Allylic migration

The monosubstituted products formed in the reactions.of
the oxyl (6) with 2- and 2(10)-pinene indicated that complete
allylic migration had occurred, since only one isomer was
formed in each case, and it is postulated that this probably

occurred vi:z an addition/disproportionation mechanism, i.e.

L 4
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In contrast, previous work in this department has shown
that in the reaction of the oxyl (6) with certain alkenyl-

114
silanes allylic migration did not occur, .5

. , \ s
—}SJ.CHRCH:CH2 + 7SlCH20HRCH2R

/'R’:/—‘a
T i CH -
>SiCH: CHOH,R

\as
7SlCH2CH.CH2

>SiCH:CHCH,R + 7SiCHRCHRCHj

B
T~ 3siCHRCH:CH,

\ 3
7S:LCH:CHCH5

However, in the reaction of the oxyl (6) with 3-methyl-
but-1-ene it was found that both the 1- and 3-amino-oxy-
substituted isomers were formed, and that no disproportion-

82
ation occurred, i.e.

B > RCH,CH:CMe, + CH,:CHOMe,R
CH..: CHCHlle .. —22> Gi.CHCMe
o UL e, TRy 2VHYCS

CH2:CHCMe:CH2

Hence, the reactions of allylbenzene and penta-1,4-diene
with the oxyl (6), and also with the oxadiazapentane (7) (as
a comparison) were investigated. If an addition/disproport-
ionation mechanism took place then hydrogen abstraction from
the intermediate radical should be favoured by the formation

of a conjugated olefin, resulting in the exclusive formation

of the terminal isomer, i.e. (where X= CH,:CH and Ph)

. Re b R .
CH2.CHCH2X _— RCH2CHCH2X —Ttiﬁj—) RCH2CH.CHX
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(a) (1) The reactiozn of the oxyl (6) with allylbenzene

A 2.5:1 molar mixture of the oxyl (6) and allylbenzene
reacted on warming from =196 °¢ to room temperature to afford
Il-bistrifluoromethylamine [gg. 2.5% based on (6)],
HIi-bistrifluoromethylhydroxylamine (32% based on oxyl),
unchanged allylbenzene (17% recovered), 3-(NN~bistrifluoro-
methylamino-oxy)~-3-phenylpropene (109) (37% based on consumed
olefin), 35525—5-(Ey—bistrifluoromethylamino-oxy)-1-pheny1—
propene (110) (16.5% based on consumed olefin), two
diastereoisomers of 1,2,3-tri(NN-bistrifluoromethylamino-oxy )~
5-phenylpropane (111a) (20.5%) and (111b) (10% based on

consumed olefin), and four minor unidentified products.

ON(CF), ON(CF3),
(CF3)MOCH, T
PRCHCH: CH,, No:d (CF 5 ) JNOCH ,CHCHEh
B “ph ON(CF3),
(109) (110) (111)

The reaction was répeated using a 4.3:1 molar ratio of
the oxyl (6) and allylbenzene at rrom temperature (20min) and
this gave Nl-bistrifluoromethylhydroxylamire (28% based on
oxyl), perfluoro(2,4—dimethyl—5—oxa-2,4—diazapentane5 (7) (ca
2% based on oxyl), (109) (24%), (111a) (45.5%) and (111b)
(21% based on olefin), and three minor unidentified products
including ore (A) which was not detected in the first reaction.
The monosubstituted propene (110) was not detected in the
products of this second reaction. .

The amino-oxy-substituted products (109), (110), and

(111a) were identified by elemental analysis and spectral data
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while the minor trisubstituted product (111b) was identified
by a consideration of its n.m.r. and mass spectra.

The 1,2,3-trisubstituted products (111a) and (111b) were
formed in each case in the ratio ca. 2:1, and it is suggested
that the major diastereoisomer (111a) is the anti-adduct, i;g;
the erythro-isomer, and the minor isomer (111b) is the syn-
adduct, i.e. the Egggg-isomer. The preferred conformations of
these isomers are probably those in which the bulky (CFB)ZNO
groups are anti- to each other, i.e. [Where R= (CFB)ENOJ

R R
Ph._ _H l -CH,R

Hc;;i__—— - HoR HF7’£__—_C;§QH

(111a) (111b)
3-(N~bistrifluoromethylamino-oxy)-3-phenylpropene (109)

The i.r. spectrum showed absorptions at 3.24-3,42 (C-H
str.), 6.10-7.03 (C:C str.), 13.12 and 14.33 (C-H def.)um,
together with absorptions characteristic of an amino-oxy
group at 7.71-8.33 (C-F str.), 9.67 (C-0-N str.), 10.40 (C-N
str.), and 14.10 (CF3 def.) am.

The 1

H n.m.r. spectrum showed absorptions at § ca. 4.6
(13, c, Ha) ca. 4.75 (=2H, c, Hy and Hc)’ ca. 5.5 (14, m, Hd),

and 6.66 (°d, c, C6H5) DP.p.m.

(CF ) ,NOCH, Ph //Hb
H/// \\H

d a
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The 19F n.m.r. spectrum showed a complex absorption at
8.28.0 (-9.3) p.p.m., typical of fluorines in an amino-oxy
group bound to an asymmetric carbon.

The mass spectrum showed peaks at m/e 285 (1%, M*), 117
(100%, CgHg™), 103 (3%, CgHp*), 91 (16%, C,H,'), and 77
(8-5%, CgHg™).
Trans-3-(NN-bistrifluoromethylamino~oxy)-1-phenylpropene (110)

The i.r. spectrum showed absorptions at 3.24-3.45 (C-H
str.), 6.04-6.35 and 6.69-6.90 (C:C str.), 7.72-8.30 (C-F
str.), 9.62 (C-O-N str.), 10.34 (C-N str.), 13.36 and 14.45
(C-H def.), and 14.08 (CF3 def.)em

1H n.m.r. spectrum showed absorptions at S 3.92 (24,

The
d, J= 7Hz), 5.4 (1H, ABt, J= 15Hz, 7Hz), 5.80 (1H, AB,
J= 15Hz), and 6.58 (5H, bs) p.p.m., assigned to protons in a
-CH20N(CF5)2 group, two non-equivalent olefinic protons, and
a phenyl group, respectively. The 19F n.,m.r. spectrum showed
a singlet at & 29.0 (-8.3) p.p.m., assigned to fluorines in
an amino-oxy group.

The fragmentation pattern in the mass spectrum was

virtually identical to that of compound (109).

Erythro-1,2,3-tri(WN-bistrifluoromethylamino-oxy)-3-phenyl-

propane (111a)

The i.r. spectrum showed very strong amino-oxy group
absorptions and weak absorptions at 3.26-3.37 (C-H str.),

The L

H n.m.r. spectrum showed (i) a poorly resolved ARd
system centred on & ca. 3.95 p.pom., (ii) complex absorptions

at &ca. 4.46 and 4.9 p.p.m., and (iii) a broad singlet at
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S 6.95 P.p.m., integrated intensities 2: 1: 1: 5, assigned
to protons in the groups —CH20N(CF5)2, )CHON(CFB)a,
CHPhON(CFa)Q, and phenyl, respectively. The 19F n.m.r.
spectrum showed a singlet at S 30.0 (-7.25) p.p.m., and two
overlapping broadened singlets at § 28.95 (-8.8) and 28.9
(-8.4) p.p.m., integrated intensities 1:1:{ assigned to the
—CH20N(CF3)2 and the two more hindered)CHON(CF5)2 groups,
respectively. '

The mass spectrum showed peaks at m/e 453 {1.5%,
E@-(CF5)2N0]+], 285 (2%, CqqHgFgNO™), 258 (20%, CoH FLNO*),
182 (2%, (OF3)NOCH," ], 117 (100%, CgHg*™), 91 (78%, Cyiy*),
and 77 (23%, c6H5+). |
Threo-1,2,3-tri (lIN-bistrifluoromethylamino~-oxy)-3-phenyl—

propane (111b)
/]

The
(1H, ¢), ca. 4.0 (1H, c), ca. 4.34 (1H, c), ca., 4.85 (1H,

H n.m.r. spectrum showed absorptions at é»gg. 3.6

poorly resolved doublet), and 6.97 (5H, bs) p.p.m., assigned
to two non-equivalent methylene protons in a -CH2ON(CF5)2
group, and the protons in )CHOH(CF5)2,-CHPhON(CF3)2 and
phenyl groups, respectively. The spectrum was very similar
in appearance to that of the erythro-isomer, but more poorly
resolved.

The 19}? n.m.r. spectrum showed two broad absorptions at
& 29.7 (-7.55) and 28.65 (-8.65) p.p.m., integrated inten—
sities 1:2, assigned to fluorines in a (CF3)2N00H2 and
>CHON(CF5)2 groups, respectively. .

Confirmation of the structure was obtained from the mass

spectrum which showed a fragmentation pattern virtually
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identical to that of the erythro-isomer (111a).

Although the reaction of allylbenzene with N-bromo-

115,116 117,178

succinimide and trichlorobromomethane have been
reported to give only the terminal monosubstituted isomers,
the 3-amino-oxy-substituted isomer (109) was isolated in
reasonable yield and this confirms the intermediacy of an
allylic radical intermediate (112) [Scheme 18; where R=
(CFB)ZNO]' Since the addition product (113) was not detected,
initial attack of the oxyl (6) is apparently virtually
exclusively via hydrogen abstraction to give the resonance-
stabilised ullylic intermediate (112), which is then
scavenged at both the 1- and 3-positions to give the mono-
substituted products (109) and (110). Both isomers may then
undergo further attack by the oxyl (6) to give the
trisubstituted products (111a) and (111b). It appears,
however, that the 1-substituted isomer (110) is the more
reactive, as this compound was not detected when a larger
excess of oxyl was used; The greater reactivity of this
isomer is due to the fact that further attack of the oxyl

generates a benzylic radical, i.e.

PhCH:CHCH,R ——D*—> PnCHCHRCH,R —B°—  (111)

(110)

Only tke trans-1-substituted isomer was isoclated from
the reaction mixture and it is possible that cis-1-(NH-bis-
trifluoromethylamino-oxy)-3-phenylpropene (114) yas also
formed initially but that it was scavenged completely by the

oxyl.
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Although several minor products remain unidentified, the
identified products represent a high yield (84 and 90%
respecﬁiﬁely), and so direct addition of (6) to the double
bond of allylbenzene is at best only a minor reaction; it is
considered unlikely that any 1,2-bis(amino-oxy) adduct (113)
so formed would undergo further reaction [to give compounds
(111 a) and (111 b)] due to the presence of the two bulky
amino-oxy groups.

The i.r. spectrum of the higher-boiling mixture in the
second reaction (4.3:1 molar ratio) showed a weak absorption -
in the region 5.81-6.01 (C:0 str.)s«m, not preseﬁt in the
first reaction mixture, and this coupled with the formation
of the oxadiazapentane (7) indicates that the new product (A)
(detected by g.l.c.) was an ester-type product, resulting

from further attack of (6) on a -CH2ON(CF3)2 group, e.g.

PhOH : CHCH R —(fﬁéje» PhCH : CHCHR

PhCH :CHCHR
Y
PhCH : CHCHO (:%57 —2°5 pheH: cHCRO
+ (4)
(CF3) NON(CF5),

(7)
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Reaction of the oxyl (6) with allylbenzere

PhCH,CHRCH,R
A (113)
PhOH ,CH: CH, 2
s PRORCAGH,,
(112)
PhGHRCH: CH,, %;:c:c:iHaR %E;c:c<§H2R
(109) (110) (114)
:;;>\\\$ J;R. k/////;R°
PhCHRCHRCH R
(111)

Scheme 18

(ii) Vith penta-1,4-diene

A 2:1 molar mixture of the oxyl (6) and penta-1,4-diene
on reaction at =78 °c (30min) gave NN-bistrifluoromethyl-
hydroxylamine (ca. 30% based on oxyl), unchanged diene (ca.
449 recovered), 15,2, 5=tri(II-bistrifluoromethylamino-oxy )~
pent-3-ene (115) (44.5% based on cornsumed diene), 5-(N-bis-
trifluoromethylamino-oxy)penta-1,4-diene (116) (26.5% based .
on diene), two products tentatively identified as 1-(HN-bis~
trifluoromethylamino-oxy)penta-2,4-diene (117) (ca. 19% based
on diene), and 1,2-bis(§§-bistrifluoromethylamino—oxy)pent-4-

ene (118) (ca. 2.5% based on diene), and an unidentified
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trisubstituted product (A) (ca. 5% based on diene).
The reaction was repeated in the gas phase at room
temperature, again using a 2:1 molar mixture of reactants,

and this gave a virtually identical product ratio.

ON(CF3), ?N(CF3)2
(CF3) HTOCH ,CH : CHCHCH;ON(CF5) CH,: CHCHCH: CH,,
(115) (116)
ON(CF3),
(CF) ;NOCH,CH: CHCH: CH, (CF3) ,NOCH,,CHCH,CH: CH.,
(117) (118)

The trisubstituted product (115) was identified by
elemental analysis and spectroscopic data. The coupled
g.l.c./mass spectrum of product (A) was identical to that of
compound (145).

The monosubstituted product (116) was isolated contam-
inated with NN-bistrifluoromethylhydroxylamine and was
identified by a consideration of the n.m.r. spectra of the
two-component mixture, and by its coupled g.l.c./mass spectrum.
The coupled g.l.c./mass spectrum of product (117) was
identical to that of the 3-substituted product (116).

The disubstituted product (118) was tentatively
identified on the basis of its coupled g.l.c./mass spectrum.

1,2,5-Tri(WN-bistrifluoromethylamino-oxy)pent-3-ene (115)

The i.r. spectrum showed absorptions at 3.31-3.47 (C-H
str.), 5.89 and 5.98 (C:C str.), 7.72-8.33 (C-F str.), 9.40
and/or 9.57 (C-0-N str.), 10.37 (C-N str.), and 14.10 (CF3
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def.) um.

The L

H n.m.r., spectrum showed absorptions at & 3.84 (2H,
d, J= 5Hz), ca. 4.2 (3H, ¢), and ca. 5.51 (2H, m) p.p.m.,
which were assigned to Ha’ Hb,.and Hc’ respectively. The 19F
n.m.r. spectrum showed singlet absorptions at 5'30.2 (-7.1)
and 29.9 (-7.4), and a broad complex signal at ca. 29.2 (-8.1)
pP.p.m., integrated intensities 1: 1: 1, which were assigned to

Fd, Fe’ and Ff, respectivgly.

ON(CF
(CE3)2

(CF.)-NOCHCHCH: CHCH ON(CF.)
d5 21 a2 bec ¢ b2' e3 2

The mass spectrum showed peaks at m/e 552 [ﬁ%, (M-F){],
403 {13%, [M-(CF5)2NO]+3, 234 (6%, C7H6F6NO+), 221 (2%,
C6H5F6NO+), 182 [7%, (CF5)2N00H2f], 83 (6%, 05H7o+), and 67
o .

3-(I-bistrifluoromethylamino-oxy)penta-1,4-diene (116)
1

The H n.m.r. spectrum showed absorptions at S 4,33 (1H,
t, J= VHz), 4.78 (2H, ¢), 4.92 (2H, 4, J= 3Hz), and ca. 5.4
(e, m) p.p.n., assigned to Hyy Hy, Hc’ and Hj, respectively,
The '9F n.m.r. spectrum showed a singlet atg29.0 (-8.3)
P.p.n., which was assigned to the fluorines in an amino—oiy

group.

-

The mass spectrum showed peaks at m/e 235 (1%, u¥), 68
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(6%, C4H,0"), 67 (100%, c5H7+), and 41 (33%, CBH;).
1,2-Bis(llN~bistrifluoromethylamino-oxy)pent-4-ene (118)

The mass spectrum shoved peaks at m/e 403 [é%, (ng)f],
363 [1%, (-c;u5)*], 208 (2%, o, FgmO*), 182 [14,
(CF5)2N00H2ﬂ » 82 (12%, CgHg0"), 68 (5%, C,H,0%/CoHg"), 67
(29%, CgH,'), and 41 (35%, 05H5+).

The formation of the products may be explained by the
mechanism outlined in Scheme 19 [where R= (CF5)2Nd]. An
alternative mechanism, involving addition to the double bond
followed by hydrogen abstraction, may be discounted, as both
the 1- and 5—substituted isomers were detected in the
products, indicating that the intermediate is a classical
allylic radical (119).

The initial attack of the oxyl (6) is apparently
virtually exclusively via hydrogen abstraction, with only a
very small amount of addition [ﬁo give the disubstituted
compound (118il. The resultant intermediate (119) is then
scavenged by (6) at both the 1- and 3~ positions to give the
products (116) and (117). The conjugated diene (117) can
then undergo further attack by (6) via either 1,2- or 1,4-
addition to give the trisubstituted product (115). It was
not possible to determine from the n.m.r. spectrum of product
(115) whethar it was the cis- or trans-isomer, but it is most
probable that it is the trans-isomer, as the cis-isomer
would be subject to considerable steric crowding.

The minor trisubstituted product (A) is possibly the
cis-isomer of compound (115), but it is more probable that it

is compound (120) arising from further attack of the oxyl (6)
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on compound (116).

Reaction of the oxyl (6) with penta-1,4-diene

HOH..CH: CH.— R .
RCHacHCHECH.CHz—————9RCH20HRCH20H.CH2.

//E’//a (118)

CH2:CHCH20H:CH

2
R'(-RH)
CH20HCHCHCH2
g////// (119) \\EN
RCH,CH : CHCH: CH,, 5 CHCHRCH: CH,,
(117) (116)
lgR. .
RCH ,CHRCH: CHCH R RCH,CHROHRCH: CH,,
(115) (120)
Scheme 19

(b) (1) The reaction of the oxadiazapentane (7) with

allylbenzene

An equimolar mixture of the oxadiazapentane (7) and
allylbenzere on reaction at room temperature (6d) gave
unchanged (7) (ca. 6% recovered), NI-bistrifluoromethylamine
Egg. 5 based on consumed (7)], Nli-bistrifluoromethyl-
hydroxylamine [gg, 6% based on consumed'(?)], unchanged
allylbenzene (ca. 6% recovered), several unidentified products,
Ezggg-ﬂ-(Eg-bistrifluoromethylamino-oxy)—}-phenylpropene
(110) (5.5% based on consumed allylbenzene), and 1-I-bistri-
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fluoromethylamino-2-(NN-bistrifluoromethylamino-oxy)-3-
phenylpropane (121) (66.5% based on allylbenzene).,

CH2Ph
(CF5)2NCH2CHON(CF3)2
¢121)

The monosubstituted product (110) has been prepared
previously (p. 154) and was identified by g.l.c. analysis.
The major product (121) was identified by elemental analysis
and the spectroscopic data outlined below.

The i.r. spectrum showed absorptions at 3.22-3.48 (C-H
str.), 6.22 and 6.30 (C:C ring str.), 7.22-9.01 (C-F str.),
9.52 (C-0-N str.), 10.34 (C-N str.), and 13.30, 14.04 and
14,25 (CF5~def. and/or C-H def. ) etm,

The TH n.m.r., spectrum showed absorptions at & 2.24 (11,
ABd, J= 14Hz, 8Hz), ca. 2.75 (1H, AB4, J= 6Hz), 2.86 (2H, c),
3.99 (1H, ¢), and ca. 6.75 (5H, ¢) p.p.m., assigned to two
" non-equivalent protons in a —CHgPlr\. group, and CHgk,lCFg\)2
)CHON(CF5)2 and Ph protons, respectively.

The 19F n.m.r., spectrum showed absorptions at S 28.43
(-8.85) (bs) and 18.83 (-18.45) (s) p.p.m., assigned to
fluorines in‘(CFB)ENOCH and (CFB)aNCH2 groups, respectively.

The mass spectrum showed peaks at m/e 438 (2.5%, E+),
272 {1, [g-(oF5)2NCH2]+}, 270 {41.5%, [g-(CF5)2N0]+z, 118
(2%, CoH,q *y, 117 (10%, 09H9+), 91 (100%, C7H7+), and 77 (2%,

Cels™).
4Although several products were not identified, the low

yield of ITI-bistrifluoromethylamine indicates that hydroger
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abstraction did not occur to any great extent, and, in
contrast to the corresponding oxyl reaction, it is apparent

that addition to the doubie bond is the major process, i.e.

ON(CF3),
PhCH26H0H2N(033)2 L2), PhCH,CHCH,N(CF),
(121)

(CFE)?f:////” , (CFB)QNo

PhCHECH:CHz

(CFE)EN-\\\JifCFB)gNH]
Ph_ _H

PhCHCHOH, <20~ o:
H \0H20N(CF5)2

(112) (110)
+ (CFB)ZN'
The (CF5)2N~ radical is more reactive than the oxyl (6)
and hence it is probable that it is less sensitive to
stabilisation afforded to the radical intermediate resulting
from hydrogen abstraction. Secondly, it is more electro-
philic than the oxyl (6) and thus it is more sensitive to
polar effects. As both the Ph and olefin groups are
electron-withdrawing, abstraction of the benzylic/allylic
hydrogens to give intermediate (112) is less favourable and

so the (CF3z),N. radical adds mainly to the electron-rich

double bond.

The product mixture was rather more complex than

expected, and it is possible that some reverse addition occurs

as a result of the polarisation of the olefin, i.e.
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- S S,
Ph¢—CH5—CH=CH, + (CF3),N-

PhCH20HcH2- —3 etc.

Furthermore, the amino-oxy-substituted product (110) may
react further with the oxadiazapentane (7) as was found in
the corresponding oxyl reaction.

(ii) Uith penta-1,4-diene

An equimolar mixture of the oxadiazapentane (7) and the
diene on reaction in the gas phase at room temperature (2d)
gave a very complex mixture of products which contained
unchanged diene (ca. 13% recovered), NN-bistrifluoromethyl-
amine, NN-bistrifluoromethylhydroxylamine, and 1-NN-bistri-
fluoromethylaminé—2-(Eg—bistrifluoromethylamino-oxy)pent-#—
- ene (122) (ca. 70% based on consumed diene), which was
identified by elemental analysis and the spectroscopic data

outlined below.

ON(CF3)2
(CF5)2N0H20H0H2CH:CH2
(122)

The reaction was repeated in the liquid phase at roonm
temperature (2d) using a slight excess of (7) and this gave
an even more complex mixture of products, including
fli-bistrifluoromethylamine, Eﬁ—bistrifluoromethylhydroxyl-
amine, unchanged diene, the adduct (j22) (ca. 33%), and two
very high-boiling products (A) and (B), tentatively

identified as amino-(amino-oxy)-substituted dimers of penta-

1,4-diene (combined yield ca. 45%).
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Products (A) and (B) were isolated together, contaminated
with several minor unidentified products, and were identified
by a consideration of the mass spectrum of the two-component
mixture which showed peaks at m/e 288 (5%, 012H16F6N+)’ 287
(3%, CqgHygFgN™)s 247 (1%, CoH  FgN'), 246 (2%, CgH,uPeN*),
166 (48%, CzHSFCN'), 136 (2%, CqgHae™)s 135 (7%, Ciol5" )5
121 (49%, CgHy3™), 79 (4%, CgHy®), 69 (100%, CF5*), and 44
(96%, co,*/CH,0").

The i.r. spectrum of the adduct (122) showed absorptions
at 3.24-3.42 (C-H str.), 6.09 (C:C str.), 7.25-8.57 (C-F str.),
9.54 (C-0-N str.), 10.08-10.75 (C-N str. and/or C-H def.), and
14.08 and 14.33% (CF3 def.)eme.

The 1

H n.m.r. spectrum was poorly resolved and showed
complex absorptions at 8.33. 2.10, 2.99, 3.87, 4.71 and 5.3%
P.p.n., together with a broad singlet at & 4,84 DePelo,
integrated intensities 2: 2: 1: 1: 1: 1, which were assigned

to Hg, Hb’ Hc’ Hd’ He’ and Hf, respectively.

ON(CF5)2
(CF3)2NC§2—CE—C230—— //HF
=0
He Hq

The 19F n.m.r. spectrum showed absorptions at § 28.95
(-8.3) (bs) and 19.3 (-18.0) (s) p.p.m., integrated
intensities 1:1, assigned to fluorines in a sterically
hindered.)CHON(CF3)2 group, and a -CH21\T(CF5)2 group, respect-—
ively.

The mass spectrum showed peaks at m/e 346 !b%, (§-05H6)fL



- 169 -

220 {185, [1-(or5) M0]*), 179 (1%, C,HF ", 166 [100%,
(CF3)NCH,'] , and 68 (2%, CsHg™ ).

The formation of the products may be explained by the
mechanism outlined in Scheme 20.

Once again it is apparent that in contrast to the oxyl
(€) reaction, the (CF5)2N. radical preferentially adds to the
double bond rather than abstract an allylic hydrogen, to give
the major product (122).

It was rather difficult to determine when the reactions
had reached completion, although.it was observed that the
neat reaction mixture formed one layer on warming from -196 o
to room temperature. The fast rate of reaction may in part
explain the complexity of the products, particularly in the
neat reaction, as indicated by the lower yield of adduct (122)
and the formation of the higher-boiling products (A) and (B).

Products (4) and (B) may arise via reaction of the
intermediate (123) with the diene, to form intermediate (124)
which may then be scavenged by the oxadiazapentane (7) to
form compound (125), which may in turn be further scavenged
by (7).

Alternatively, intermediate (124) may undergo cyclisaﬁion
to form intermediates (126) and/or (127); the mass spectrum of
the two-component mixture of products (A) and (B) was not
sufficiently clear, however, to determine whether cyclisation
had occurred. Although cyclisation of intermediate (123)
would not be expected as it would involve an unfavourable
four-membered transition state, intermediate (124) may

cyclise via more favourable five-membered or six-membered.
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A further explanation of the complexity of the reaction
products may be that the intermediates (123), (124), (126),
and (127) abstract an allylic hydrogen from the diene rather
than undergo chain-transfer with the oxadiazapentane (7).

Reaction of the oxadiazapentane (7) with penta-~1,4-diene

CHE:CHCHECH:CH2

(CF3)2N'
N(CF5),
(CF5)2NCH26HCH20H:CH2 —( (CF 5) NCH ,CHCH ,CH: CH,,
(123) (122)
diene -
CH2éHCH20H:CH2 CH ,CH: CH.,
(CF5) JNCH ,CHOH ,CH: CH, (7, (CF ) HNGH ,CHCH ,CHCH ,CH: CH
ON(CF3),
(124) (125)
(CP5) NCH, (CF3) HNCH,,
CH,,CH: CH., CH.,CH: CH.,
(126) (127)
| l
ete. ete.

Scheme 20
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Suggestions for future work .

Compounds containing an allylic hydrogen have been
shown to readily undergo hydrogen abstraction by the oxyl
and it would be interesting to investigate whether benzene
is formed in the reaction of the oxyl with cyclohexa-1,4-
diene via abstraction of the two allylic hydrogen atoms.

The reaction of the oxadiazapentane with t-butylbenzene
has indicated that with arylalkanes containing a relatively
unreactive side-chain the (CFy) N radical preferentially
attacks the aromatic ring, and a further extension of this
work would be to investigate the extent of this type of
reaction with other aromatic compounds using both the
oxadiazapentane and the compounds (CF5)2NX (where X= Cl1, Br,
I) as precursors to the (CF5)2N- radical.
| The reaction between the oxadiazapentane and chloro-
benzene was not fully characterised and further work is
required both with this and other halogenobenzenes to
identify the isomers obtained and investigate the extent of

halogen rather than hydrogen atom substitution.
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General Techniques

Many of the compounds involved in this work were gases
or volatile liquids of unknown toxicity, and were therefore
ﬁanipulated in a conventional Pyrex glass vacuunm systam; The
system comprised of a storage section with an attachment
designed for the determination of molecular weights by
Regnault's method, and a series of interconnected traps used
for the separation of volatile compounds by fractional
condensation in vacuo. Separate units of the trap section
were connected by high~vacuum glass stopcocks and the
pressure in each unit was accurately determined prior to use
to facilitate the accurate measurement of the volumes of
volatile materials handled. The whole system was evacuated
by an Edward's Speedivac two-stage rotary oil pump to

2 $o 10~ 2mm Hg.

pressures of 10~

Reactions involving bistrifluoromethylamino-oxyl and
perfluoro(2,4-dimethyl-3-oxa-2,4~diazapentane) were carried
out under autogenous pressure in thick walled (3-4mm) Pyrex
ampoules fitted with Rotaflo Teflon-sealed stopcocks. Non-
volatile compounds were introduced into the ampoule before
evacuating and were then carefully degassed. Volatile
compounds were condensed into the ampoule at =196 °¢ in vacuo
and the stopcock was then closed. The ampoule was allowed to
warm slowly to room temperature before being further heated
(if necessary).

Gas-phase reactions were carried out in Pyrex bulbs
(ca. 10dm?), by introducing the reactants into the evacuated

bulb via an external trap (ca. 25cm3) cooled to -196 °c.
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The reactions irnvolving bistrifluoromethylamino-oxyl (6)
were considered to be complete when the purple colouration of
the oxyl had disappeared. The completion of the i1eactions
involving perfluoro(2,4-dimethyl-3—oxa—2,4-diazapentane) (7)
were more difficult to determine, and it was found that when
the reactions were worked up when only one layer was
apparent rather than the original two, the reactions had only
reached ca. 50% completion (e.g. 3,3,3-trichloropropene and
cyclopropylphenylmethane); subsequent reactions were
therefore left for twice the time that it had taken for one
layer to become apparent.

On completion of the reaction, the ampoule was cooled to
-196 °C, the stopcock opened, and the contents transferred
in vacuo into the vacuum system.

Initial separation of reaction products was usually
achieved by fractional condensation in vacuo. The gaseous
nmixture was passed, at a pressure of 1-2mm Hg, through a serﬁé
of traps maintained at ﬁrogressively lower temperatures by
'slush baths' which consisted of melting organic solvents

contained in a Dewar vessel, details of which are listed

below.
Solvent Temperature (°C)
Melting ice 0
" carbon tetrachloride =23
" chlorobenzene =45
'Cardice'/methylated spirits -78
Illelting toluene -95

" diethyl ether -120
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Solvent Tenxperature (°¢)
Melting petroleum ether =140
Ligquid nitrogen -196-

The purities of all starting materials were checked by
infrared (i.r.) spectroscopy and gas liquid chromatography
(g.l.c.) prior to use.

Pure compounds were isolated by fractional condensation
in vacuo or by preparative-scale g.l.c. Preparative-scale
g.l.c. work was conducted on a Pye 104 instrument using
columns (2-6m) packed with acid-washed Celite coated with the
following stationary phases (10-30% w/w); Apiezon L (APL),
Kel F oils no. 10, Silicone elastomer (SE 30), Polyethylene-
glycol adipate (PEGA), and Trixylyl phosphate (TXP).

Analytical g.l.c. work was carried out using a Pye 104
instrument fitted with columns (2-6m, 3-4mm i.d.) containing
Celite coated with the above stationary phases, linked to a
Hewlett-Packard 3352b Laboratory Data System Integrator for
estimation of molar percentages of the reaction mixtures.
Vherever possible the instrument was calibrated with mixtures
of known composition.

Products were identified by elemental analysis,
molecular weight determination {Regnault's method for gases
and volatile liquids, and vapour-phase osmometry (Hitachi/
Perkin-Elmer 115 instrument) for polymer%], infrared(i.r.)
spectroscopy [Perkin-Elmer 197 instrument using sodium
chloride optics; gases in a gas cell (10cm path length) and
liquids as a capillary film], nuc lesr magnetic resonance

(n.m.r.) spectroscopy'[Hitachi R20A instrument operating at



- 175 -

60.0 MHz for |

H and 56.46 MHz and Varian Associates HA 100
instrument operating at 100.0 MHz for 4 and 94.1 MHz for
19F, with external T.lM.S. and Bara—01206H4/CCI4 used as

references for 1

H spectra, and with T.F.A., B§£§—CF201806H401
and CFBSCHecHBrCH2Br used as references for 19F spectré], and
mass spectrometry (linked AEI DS10 on-line computer and
printout attached to an AEI 1S 902 spectrometer).

Bolling points were determined by Siwoloboff's method.

The preparation of starting materials

1. Bistrifluoromethylamino-oxyl

A Pyrex ampoule (ca. BOOcmB) was charged with potassium
permanganate (18.0g, 114mmol) and sulphuric acid (10%,
250cm5), evacuated and kept at ca. -25 °c (12n).

WN-bistrifluoromethylhydroxylamine (25.0g, 147mmol) was
then added in vacuo and the mixture allowed to warm to room -
temperature and then kept at this temperature (1d). The crude
rroduct was dried by passing the vapour over phosphoric oxide
in vacuo and then purified by fractional condensation in
vacuo to afiord bistrifluoromethylamino-oxyl (6) (23.7g, 141
mmol, 96%), (which condensed as a yellow solid at -95 °C),
and which was shown to be pure by i.r. spectroscopy.

2. Perfluoro(2,4-dimethyl-5—oxa—2,4-diazapentane)

Trifluoronitrosomethane (9.3g, 94mmol) and bistrifluoro-
methylamino-oxyl (20.6g, 122mmol) were sealed in vacuo in a
Pyrex ampoule (ca. SOOcmE) and stored at room temperature
(144). The crude product was purified by fractional
condensation in vacuo to afford a colourless liquid which

condensed in traps cooled to -45 °C and -23% °C and was
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81
identified Dby i.r. 2nd n.m.r. spectroscopy as perfluoro-

(2,4-dimethyl-3-oxa-2,4~-diazapentane) (7) (24.7g, 77mmol,
82%) .

5. 3,3,3-Trichloropropene

In a typical run, bromotrichloromethane (6.0g, 30.3mmol),
ethylene (0.14g, 38mmol) and benzoyl peroxide (ca. 0.2g) were
sealed in vacuo in a Pyrex ampoule (ca. 500cm3) and
maintained at 170-180 °¢ (44). Several runs were carried out
involving a total quantity of bromotrichloromethane (52g,
263mmol) and ethylene (0.9g, 320mmol). The products were
removed from the ampoules, combined, and distilled to afford
1,1,1-trichloro~3-bromopropane (40g, 177mmol, 67% based on
bromotrichloromethane), b.p. 76-78 °C at 22mm Hg (1lit. b.qug
97 °¢ at 50mm Hg).

Potassium hydroxide (20.1g) dissolved in methyl alcohol
(50cm3) was slowly added (45min) to the distillate with
constant stirring, and the temperature of the stirred mixture”
maintained at ca. 25 °C with an ice-water bath (7h). The
resulting material was poured into an ice-water mixture
(1009m3), and the organic layer separated, washed once with
water (2Scm5), dried (MgSO,) and fractionated to afford
3,3,3-trichloropropene (15.5g, 108mmol, 61%), b.p. 102-103 °C
(1it. b.p?20400-400.5 °c).

4. 3,3,3-Trichloro-2-methylpropene.

1,7,1-Trichloro-2-methylpropanol (44.1g, 0.25mmol) was
placed in a flask (1dm®) fitted with a reflux condenser.
Thionyl chloride (120g, 1.0mol) was added and the mixture

warmed until evolution of hydrogen chloride ceased. Then
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NN-dimethylaniline (1.7g) was slowly added and the mixture
heated under reflux (7h). The volatile products were removed
by condensation in vacuo and the remaining higher-boiling
material fractionated to afford 3,3,3-trichloro-2-methyl-
propene (13.5g, 0.08mol, 30%), b.p. 132-137 °C (1lit. b.p.421
150-137 °C), which was shown by n.m.r. spectroscopy and
g-l.c. (2m SE 30 at 120 °C) to be contaminated with 1,1,3-
trichloro-2-methylpropene (ca. 10%).

5. 2-Chloro-2-phenylpropane

Dry hydrogen chloride was slowly bubbled through
d-methylstyrene (19.4g, 164mmol) maintained at ca. O °¢c vy
means of an ice-water bath (2h). The resulting liquid
product was degassed and fractionated in vacuo to give
2-chloro-2-phenylpropane (21.5g, 13%9mmol, 85%), b.p. 62 °C at
omm Hg (1it.b.p.12282-85 °C at 11mm Hg), the purity of which
was confirmed by i.r. and n.m.r. spectroscopy.

The reactions of bistrifluoromethylamino-oxyl (6)

1. ith t-butyl bromide

The oxyl (6) (2.24g, 13.2mmol) and t-butyl bromide (0.98g,
7.2nmol) were sealed in vacuo in a Pyrex ampoule (gg. 1000m5)
and stored at room temperature (30h). Analysis of the
resulting mixture by g.l.c. (2m SE 30 and KEL F at 80 °¢)
showed thal it contained seven major components (A-G) (both
columns showed six major components with two different peaks
overlapping in each case), and ca. four minor components
which were not present in sufficient quéntities to allow
their separation and identification.

Components (A) and (B) were serarated by fractional
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condensation in vacuo and identified by i.r. spectroscopy
and by a comparison of their g.l.c. retention times with
Tthose of known pure samples as NN-bistrifluoromethylhydroxyl-
amine (ca. 0.93g, ca. 5.5mmol, ca. 41% based on oxyl) and
unchanged t-butyl bromide (0.25g, 1.8mmol, 25% recovered).
Components (C-G) were separated by preparative-scale
g.l.c. (2m SE 30 at 90 °C) to give (i) 1,2-bis(IN-bistri-
fluoromethylamino-oxy)-2-methylpropane (C)
(CF5)2NOCH20Me20N(CF3)2 (0.21g, O.5mmol, 10%), which was
identified by comparing its i.gé, n.m.,r., and mass spectra

with those reported previously, (ii) 1,2,3-tri(NN-bistri-

fluoromethylamino~oxy)-2-methylpropane (D)

ECF5)2N00Hé]20Me0N(CF3)2 (0.30g, 0.5mmol, 10%) (Found: C,
21.65 H, 1.1; N, 7.6; F, 61.7. CyoHoF, o305 requires C, 21.5;
H, 1.3; N, 7.5; F, 61.2%), b.p. 163 °C, which was identified
by a consideration of its i.r. (p.226 ), n.m.r. (p. 240),
and mass (p. 260) spectra, (iii) 1-(NN-bistrifluoromethyl-

amino—oxy)-2—bromo—2-mefhy1propane (B) (CF§)2NOCH2CMe2Br
(0.55g, 1.8mmol, 33.5%) (Found: C, 23.6; H, 2.7; Br, 25.8;
N, 4.9; F, 37.6. C6H8BrF6NO requires C, 2%.7; H, 2.6; Br,
26.3; N, 4.6; F, 37.5%), b.p. 132 °C, which was identified
by a consideration of its i.r. (p.226 ), n.m.r. (p. 240),
and mass (p. 260) spectra, (iv) 1,2-bis({I-bistrifluoro-

methylamino.-oxy)-3-bromo-2-methylpropane (F)
(CF3) HTOCH ,Clte (CH,Br JON(CF5), (0.39g, 0-8mmol, 15.5%) (Found:

C, 20.7; H, 1.5; N, 6000 08H7BI'F112N202 I'equj.res C, 20.4; H,
1.5; N, 5.9%), b.p. 170 °C, which was identified by a

consideration of its i.r. (p.226 ), n.m.r. (p. 240), and mass
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(p. 261) spectra (the mass spectrum was identical to that
previously reported D), and (v) 1,2-dibromo-2-methylpropane
(¢) (0.31g, 1.4mmol, 26.5%) (Found: G, 22.0; H, 4.0; Br, 73.7.
Calc. for C,HgBr,s C, 22.2; H, 3.7; Br, 74.1%), which was
identified by a comparison of its i.r., n.m.r., and mass
spectra with those of a known pure sample,
2. With t-butyl chloride

The oxyl (6) (1.57g, 9.3mmol) and t-butyl chloride

(0.43g, 4.7mmo0l) were sealed in vacuo in a Pyrex ampoule (ca.
50cm5) and stored at room temperature (13d). The products
were separated by fractional condensation in wacuo into the
following two fractions.(a) A fraction which condensed below
-78 °c (0.10g; M, 43), which was shown by i.r. spectroscopy to
consist of hydrogen chloride (ca. 0.07g, ca. 2.0mmoi, ca.,
61%) and an unidentified fluorinated compound which showed
absorptions in the region 7.70-8.22 (C-F str.)um. (b) A
dark yellow liquid (1.90g), which was shown by g.l.c. (2m

SE 30 and KEL F at 65 °C) to contain thirteen components (A-M).
By a comparison of the retention times of components (A) and
(B) with those of known pure samples, they were identified as
f-bistrifluoromethylhydroxylamine (ca. 0.20g, ca. 1.2mmol,
ca. 13% based on oxyl) and unchanged t-butyl chloride (ca.
0.13g, ca. 1.4mmol, ca. 30% recovered)

Components (F), (X), and (L) were separated by
preparative-scale g.l.c. (2m SE 30 at 75 °C) to give (i)
1,2-bis(NN-bistrifluoromethylamino-oxy)-2-methylpropane (F)
(ca. 0.46g, ca. 1.2mmol, ca. 37%), and (ii) 1,2,3-tri(IN-

bistrifluoromethylamino-oxy)-2-methylpropane (K) (ca. 0.14g,
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ca. O.2mmol, ca. 8%), which were identified by a comparison
of their i.r., n.m.r., and mass spectra with those of
previously obtained pure samples (p. 178), and (iii)
d,2-bis(NN—bistrifluoromethylamino-oxy)-3-ch16ro-2-metgz£:

propane (L) (CFB)ENOCchMe(CHacl)ON(CF3)2 (ca. 0.04g, ca.
O.1mmol, ca. 3.5%), which was identified by a consideration
of its i.r. (p. 227), n.m.r. (p. 241), and mass (p. 261)
spectra; (the mass Sgectrum was virtually identical to that

reported previously ).

3a. ith 2,2-dichloropropane at 70-80 °¢

The oxyl (6) (2.3%4g, 13.9mmol) and 2,2-dichloropropane
(0.78g, 6.9mmol) were sealed in vacuo in a Pyrex ampoulev
(ca. BOOcmB) and maintained at 70-80 °C (78d). The products
were separated by consensation in vacuo into the following
two fractions. (a) A fraction which condensed below =78 ¢
(ca. 0.42g, ca. 4.6mmol; M, 92), which was shown by i.r.
spectroscopy to contain hydrogen chloride, NN-bistrifluoro=-
methylamine, and carbon dioxide and which was not investigated
further. (b) A light-yellow liquid (ca. 2.70g), which was
shown by i.r. spectroscopy to contain NN-bistrifluoromethyl-
hydroxylamine; several absorptions were also present in the
region 5.45-5.85 (C:0 str.)#m . The fraction was shown by
g.l.c. (2m SE 30 and KBL F at 80 °C) to contain unchanged
2,2-dichloropropane (ca. 0.40g, ca. 3.5mmol, ca. 50%
recovered) and IN-bistrifluoromethylhydroxylamine (ca. 0.76g,
ca. 4.5mmol, ca. 32% based on oxyl), which were identified by
a comparison of their g.l.c. retention times with those of

known pure samples, together with seven components (A-G) in

L]



- 181 ~

the ratio 104: 406: 16-;2: 9-.4':: 2'05: .’I'OD:: Bo..']-.
Component (D) was separated by preparative-scale g.l.c.

(4m KEL F at 80 °C) and was identiFied as 1,2~bis(Il~bistri~

fluoromethylamino-oxy)-2-chloronropane

(OF3)2NOCHECM901ON(CF3)2 (ca. 0.33%g, ca. 0.8mmol, ca. 24%)
(Pound: C, 20.6: H, 1.1; N, 6.8. CoHsC1F, N0, requires C,
20.43 H, 1.2 N, 6.8%), b.p. 135 °C, by a consideration of its
i.r. (p. 227), nm.r. (p.241 ), and mass (p. 262 ) spectra.

Component (C) was partially separated by preparative-
scale g.l.c. (as above) contaminated with unchanged 2,2~
dichloropropane and was tentatively identified as
1-(NN-bistrifluoromethylamino~-oxy)-2,2~dichloropropane
(CF5)2HOCH20MeCl2 (ca. 0.42g, ca. 1.5mmol, ca. 42%) by a
consideration of the n.m.r. (p.241 ) and mass (p.262 )
spectra of the two-component mixture.-

3b. VWith 2,2-dichloropropane at room temperature

The oxyl (6) (4.48g, 26.7mmol) and 2,2-dichloropropane
(1.44g, 12.7mmol) were sealed in vacuo in a Pyrex ampoule
(ca. BOOcma) and stored at room temperature (4404).
Condensation of the products in vacuo gave the following
fractions. (a) A volatile fraction (2.94g), which was shown
by i.r. spectroscopy to contain NN-bistrifluoromethylamine,
HN-bistrifluoromethylhydroxylamine, and hydrogen chloride;
the spectrum also showed absorptions in the region 3.33-3.45
(C-H str.)mnm, probably indicative of umreacted dichloro=-
propane. The fraction was not investigated further. (b) A
colourless non-volatile liquid (2.98g), which was shown by

g-l.c. (2m 3E 30 and KEL F at 80 °C) to contain NN-bistri=-
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fluoromethylhydroxylamine (trace), unchanged dichlorqpropape
(yield not determined), and components (C), (D), (F), and (G)
ir the ratio 5.2: 5.5: 1.0: 1.4. Componenté (4), (B), and
(E) were not detected in the reaction products, and the i.r.
spectrum of the mixture showed strong absorptions in the
region 5.38-5.95 (C:0 str.)aum. .

4, Vith 1,1,1-trichloroethane

The oxyl (6) (3.34g, 19.9mmol) and 1,1,1-trichloroethane
(1.37g, 10.3mmol) were sealed in vacuo in a Pyrex ampoule
(ca. 5OOcm5) and stored at room temperature (620d). As the
reaction had not reached completion in this period, as shown
by the presence of oxyl colour, the reaction tube was trans-
ferred to an oven and kept at 70-80 °C (240d). %ork up of the
products showed that a quantity of material (0.58g) had been
lost, probably due to leakage at the Rotaflow tap.whilst in
the oven, Fractional condensation of the products in vacuo
gave (a) a purple gas which condensed at -196 °C (1.94g;

M, 132), which was shown by i.r. spectroscopy to contain
unreacted oxyl (6), NN-bistrifluoromethylamine and carbon
dioxide, and which was not investigated further, and (b) a
colourless liquid which condensed at =78 ¢ (2.12g) and was
showvn by g.l.c. (2m PEGA at 85 °C) to contain two major
components and four very minor components which were not
present in sufficient quantities to allow their separation
and identification. By comparison of the retention time of
the two main comppnents with those of known pure samples,

they were identified as unchanged trichloroethane (ca. 1.3g,

ca. 9.8mmol, ca. 95% recovered), and NN-bistrifluoromethyl-
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hydroxylamine (ca. 0.42g, ca. 2.5mmol, ca. 12.5% based on
oxyl).

A white solid (ca. 0.07g), which remained in the tube
was not investigated further.

5. Jith 2-chloro-2-phenylpropane

The oxyl (6) (1.88g, 11.2mmol) and 2-chloro-2-phenyl-
propane (0.87g, 5.6mmol) were sealed in vacuo in a Pyrex
-ampoule (ca. 1OOcm3) and kept at room temperature (35min).
Fractional condensation of the products in vacuo éave (a) a
-196 °C fraction (0.17g3; M, 38), which was shown by i.r.
spectroscopy to consist mainly of hydrogen chloride (ca. 0.14g,
5.7mmol, 97.5%), together with NN-bistrifluoromethylamine
(trace) and NN-bistrifluoromethylhydroxylamine (trace), (b) a
-78 °C fraction (0.24g), which was shown by i.r. spectroscopy
to be NN-bistrifluoromethylhydroxylamine (ca. 0.23g, ca. 1.4
mmol, ca. 12.5% based on oxyl) contaminated with a trace
amount of NN-bistrifluoromethylamine, and (¢) a colourless
non-volatile liquid (2.32g), which was shown by gfl.c. (2m
APL and PEGA at 150 °C) to contain two major components (A)
and (B) and ca. eight minor components which were not present
in sufficient quantities to allow their separation and
identification. By a comparison of the retention time of
component (B) with that of a known pure sample it was iden-
tified as unchanged 2-chloro-2-phenylpropane (0.28g, 1.8mmol,
32.5% recovered) (which decomposes to d-methylstyrene at
150 °C on the g.l.c. column).

Component (A) was separated by preparative-scale g.l.c.

(4n APL at 140 °C) to afford 1,2-bis(N-bistrifluoromethyl-

anino-oxy)-2-phenylpropane (CF5)2NOCHZCPhMeON(CF5)2 (1.34g,
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3.0mmol, 78% based orn consumed chloride) (Found: C, 34.4;

H, 2.3; N, 6.5; F, 50.6. CyzH qF 5N 0, requires C, 34.4;

H, 2.2; N, 6.2; F, 50.2%), which was identified by a
consideration of its i.r. (p. 227), n.m.r. (p. 242), and

mass kp. 263) spectra. (d) A white solid (ca. 0.02g), which
remained in the tube was not investigated further

6a. ith 3,3%,3-trichloropropene at room temperature

The oxyl (6) (4#.67g, 27.7mmol) and 3,3,3-trichloro-
propene (2.10g, 14.7mmol) were sealed in vacuo in a Pyrex
ampoule (ca. 3000m5) and stored at room temperature (64).
Condensatioa of the products in vacuo gave (a) a volatile
fraction (0.14g), which was shown by i.r. spectroscopy to
consist of unchanged 3,3,3-trichloropropene, NN-bistrifluoro-
methylamine, and NN-bistrifluoromethylhydroxylamine and was
not investigated further, and (b) a colourless non-volatile
liquid (6.64g), which was shown by g.l.c. (2m TXP and SE 30
at 130 °C) to contain two components (4 and B) in the ratio
44,2: 1. By a comparison of the retention time of the minor
component (B) with that of a known pure sample it was
identified as 1,3-bis(lli-bistrifluoromethylamino-oxy)-2,%,3%-
trichloropropane (0.15g, O.3mmol, 2.5%) (see p. 185).

The major component (A) was separated by preparative-

scale g.l.c. (2n SE 30 at 120 °C) to afford 1,2-bis(NN-bis -

trifluoromethylamino-oxy)-3%,3,3-trichloropropane
(CF3)2NOCH2CH(0015)ON(CF5)2 (6.4g, 13.3mmol, 97%) (Found: C,
17.7; H, 0.5; Cl, 22.4; N, 6.0; F, 47.9. C7H5013F12N202
requires C, 17.5; H, 0.6; Cl, 21.9; N, 5.8; F, 47.5%),b.D.

171 °C, which was identified by a consideration of its
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i.r. (p.228 ), n.m.r. (p.242 ), and mass (p. 264 ) spectra.
6b. Vith 3,3,3-trichloropropene in the gas phase

The oxyl (6) (3.32g, 19.7mmol) and 3,3,3-trichloro-

propene (1.34g, 9.2mmol) were sealed in vacuo in a Pyrex bulb
(ca. ﬁOde) and maintained at 70-80 °C (6d). Condensation of
the products in vacuo gave (a) a volatile fraction (O.24g},
which was shown by i.r. spectroscopy to contain unchanged
oxyl (6) and Hli-bistrifluoromethylhydroxylamine, and was not
investigated further, and (b) a colourléss non-volatile
liquid (4.41g), which was shown by g.l.c. (2m TXP and SE 30
at 130 °C) to contain two major components (A and B) in the
ratio 1: 5.2, and four minor components which were not present
in sufficient quantities to allow their separation and
identification. By a comparison of the retention time of
component ( A) with that of a pure sample obtained previously
(p. 184), it was identified as 1,2-bis(NN-bistrifluoromethyl-
anino-oxy)-3,3,3-trichloropropane (0.63g, 1.3mmol, 15%).
Component (B) was separated by preparative-scale g.l.c.

(2m SE 30 at 120 °C) to afford 1,3-bis(NN-bistrifluoromethyl-

amino-oxy)-2,3%,3-trichloropropane (CF5)2NOCH20HC100120N(CF5)2

(3.39g, 7.Cmmol, 77%) (Found: C, 17.8; H, 0.6; Cl, 21.9; N,
6.0. C7H5015F12N202 rejuires ¢C€, 17.5; H, 0.6; Cl, 21.9; N,
5.8%), which was identified by a consideration of its i.r.
(p. 228), n.m.r. (p. 2%2), and mass (p. 265) spectra.

7. With 3,3%,3%-uvrichloro-2-methylpropene

The 3,3,3-trichloro-2-methylpropene (p. 176) used in the
following reaction was only 90% pure, the contaminant being

1571y3-trichloro-2-methylpropene.
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The oxyl (6) (3.23g, 19.2mmol) and the trichloropropene
(1.55g, 9.7mmol) were sealed in vacuo in a Pyrex ampoule (ca.
1OOcm5) and stored at room temperature (1h). The products
were separated by fractional condensation in vacuo into a
volatile fraction (O.25g;.ﬂ, 125) and a non-volatile colour-
less liquid (4.56g).

The volatile fraction on further fractional condensation
in vacuo gave (a) a =196 °¢ fraction (ca. 0.04g), which was
shown by i.r. spectroscopy to consist of unchangedloxyl (ca.
0.02g, ca. 0.7mmol, ca. 0.5% recovered) and hydrogen chloride
(ca. 0.02g, ca. 0.6mmol, ca. 6%), and (b) a =78 OC fraction
(0.17g), which was shown by i.r. spectroscopy to be NN-bistri-
fluoromethylhydroxylamine (0.17g, 1.0mmol, 5% based on oxyl).

The non-volatile liquid was shown by g.l.c. (2m TXP at
120 °C) to contain four components (A-D) in the ratio
1: 36.4: 4: 1. Component (B) was separated by preparative-w
scale g.l.c. (as above) and estimated and identified by.
n.m.r. spectroscopy (p. 243) and mass spectrometry (p. 266)
as a mixture of the two isomers (ratio ca. 2:1) 1,2-bis(NN-
bistrifluoromethylamino-oxy)-2-methyl-3,3,3-trichloropropane
(CFB)2NOCH20Me(0013)ON(CF5)2 and 1,3-bis(N~-bistrifluoro~-
methylamino-oxy)-2-methyl-2,3,3-trichloropropane
(CFB)2HOCHQCMe01CCIEON(CEB)2 (combined yield: 4.03g, 8.1mmol,
84%) (Found: G, 19.7; H, 1.1; Cl, 21.5; N, 6.0%. Calc.. for
08H5C15F12N202: C, 19.4; H, 1.0; Cl, 21.5; N, 5.7%). The
i.r. spectrum of component (B) showed absorptions typical of
an amino-oxy group at 7.5-8.3 (C-F str.), 10.6 (C-N str.),
and 14.08 (CF5 def.)um, together with bands at 11.98 and 12.4
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(C-C1 str.) um

On the basis of coupled g.l.c. (as above)/mass spectro-
metry (p. 267) component (C) was tentatively identified as
1,2-bis(NN-bistrifluoromethylamino-oxy)-2-methyl-1,1,3-tri-
chloropropane (CF5)2N000126M9(CH201)ON(CF3)2 (0.45g, 0.9mmol,
9%); its n.m.r. spectrum (p. 243) (as a mixture with several
other components) was consistent with the proposed structure.
The coupled g.l.c./mass spectra of the minor components
indicated that component (D) was an amino-oxy adduct (m/e
69, 100%), but component (A) could not be identified.
8. With t-butylbenzene

The oxyl (6) (2.433, 14.5mmol) and t-butylbenzene (0.61g,
4.5mmol) were sealed in vacuo in a Pyrex ampoule (ca. 100cm3)
and stored at room temperature (3d). Condensation of the
products in vacuo gave (a) a volatile fraction (1.07g), which
was shown by i.r. spectroscopy to be NN-bistrifluoromethyl-
hydroxylamine (1.07g, 6.3mmol, 43% based on oxyl), and (b)

a light yellow non-volatile (1.97g), which was shown by
g.l.c. (2n TXP and APL at 140 °C) to contain two major
components (A and B) and ca. sixteen minor components.

The two main components were separated by preparative-
scale g.l.c. (2n TXP at 140 °C) to afford unchanged t-butyl-
benzene (R) (0.13g, 0.9mmol, 21%'recovered) and 1-(NN-bistri-

fluoromethylamino-oxy)-2-methyl-2-phenylpropane (A)

(CF3)2NOCH2CMe2Ph (0.30g, 1.0mmol, 28%) (Found: C, 47.7; H,
4.2 N, 4.8; F, 37.9. 012H13F6NO requires C, 47.8; H, 4.3
N, 4.7; F, 37.9%), which was identified by a consideration of

its i.r. (p. 229), n.m.r. (p. 245), and mass (p. 270) spectra.
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Two minor compozents were also separated, and although
not completely pure, were tentatively identified as a
I¥-bistrifluoromethylamino-t~butylbenzene (CF3)2N06H4CMe3
(ca. 0.08g, ca. 0.3mmol, ca. 8%) and 4-NN-bistrifluoromethyl-
amino~-t-butylbenzene 2—(CF5)2NC6H4CMe5 (ca. 0.06g, ca. 0.23
mmol, ca. 6%) by a comparison of their n.m.r. spectra and
g-l.c. retention times with those of previously obtained
pure samples (p. 211).

The i.r. spectrum of the high-boiling mixture showed
absorptions in the region 5.78-5.99 (C:0 str.) um, and thus
it is considered that multi-substitution at one carbon centre,
resulting in ester-type products, had occurred to some extent.,

9. With 2,2-diphenylpropane

The reaction of a 2:1 molar mixture of the oxyl (6) and
2,2-diphenylpropane at room temperature (8d) gave unchanged
alkane (56% recovered) and a complex mixture of high-boiling
products. Hence, the reaction was repeated using a larger .
molar ratio of oxyl:alkéne as outlined below,

The oxyl (6) (2.45g, 14.6mmol) and 2,2 diphenylpropane
(0.65g, 3.3mmol) were sealed in vacuo in a Pyrex ampoule (ca.
1OOcm5) and maintained at 70-80 °C (34). Condensation of the
products in vacuo gave (a) a volatile fraction (1.14g), which
was shown by i.r. and n.m.r. spectroscopy to consist almost
entirely of HN-bistrifluoromethylhydroxylamine (ca. 1.12g,
6.6mmol, 45% based on oxyl), contaminated with NN-bistri-
fluoromethylamine (trace), and (b) a brown non-volatile
liquid (1.96g), which was shown by g.l.c. (2m SE 30 and APL

at 190 OC) to contain ca. fifteen components.
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One component wes separated by preparative-scale g.l.ce.
(2m APL at 180 °C) and identified as unchanged 2,2-diphenyl-
propane (ca. 0.07g, ca. O.4mmol, ca. 11% recovered). Another
component was partially separated by preparative-scale g.l.c.
(as above) contaminated with an unidentified amino-oxy-
substituted product, and was tentativeiy identified as
1—(gg-bistrifluoromethylamino-oxy)-a,2—diphenyipropane
(CF5)2NOCH20MePh2 (ca. 0.37g, ca. 1.0mmol, ca. 36%), on the
basis of the n.m.r. spectra (p.246 ) of the two-component
mixture. Separation of the other components was not possible
due to their intractibility and decomposition under the
g.l.c. conditions.

The i.r. spectrum of the non-volatile mixture showed
absorptions in the region 5.65-5.92 (C:0 str.)wum, indicating
that multi-substitution at one carbon centre, resulting in
ester-type products, had occurred to some extent.

10. With 2-phenylpropan-2-ol

The oxyl (6) (2.55g, 15.2mmol) and 2-phenylpropan-2-ol
(1.05g, 7.7mmol) were sealed in vacuo in a Pyrex ampoule
(ca. 100cm5) and stored at room temperature (3d). Condens-
ation of the products in vacuo gave (a) a volatile fraction
(0.56g; M, 104), which was shown by i.r. spectroscopy to
contain HN-bistrifluoromethylamine, Nli-bistrifluoromethyl-
hydroxylamine, and carbon dioxide and which was not investi-
gated further, and (b) a light brown non-volatile liquid
(ca. 2.9g), which showed absorptions in its i.r. spectrum in
the regions 2.78-3.13 (0-H str.), 5.71-5.95 (C:0 str.), and
6.25 (C:C str.)um, and which was shown by g.l.c. (2m PEGA
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and SE 30 at 190 °C) to contain one major component (4), ca.
eleven minor low-boiling components, and three very high-
boiling components (B-D), in the ratio (4-D) 34.7: 1.0: 11.5:
8.0. By a comparison of the retention times of components
(B-D) with the three high-boiling components obtained in the
reaction of 2-phenylpropan-2-o0l with NN-bistrifluoromethyl-
hydroxylamine (p. 224), they were tentatively identified as
isomeric dimers of A-methylstyrene (combined yieid ca. 30%).
The major product (A) was separated by preparative-
scale g.l.c. (2m PEGA at 130 °C) to afford 1,2-bis(NN-bistri-
fluoromethylamino-oxy)-2-vhenylpropane (ca. 1.75g, 3.9mmol,
50%), which was identified by a comparison of its i.r.,
n.m.r., and mass spectra with those of a previously obtained
pure sample (p. 183), and (c¢) a dark brown solid (ca. 0.15g),
which remained in the tube was not investigated further.

11. Jith t-butyl acetate

The oxyl (6) (2.43g, 14.5mmol) and t-butyl acetate
(0.79g, 6.8mmol) were sealed in vacuo in a Pyrex ampoule (ca..
1OOcm5) and stored at room temperature (414d). The products
were separated by condensation in vacuo to afford the
following. (a) A fraction which condensed below -78 °C (0.06g)
and was shown by i.r. spectroscopy to be NN-bistrifluoro-
methylamine (ca. 0.06g, ca. O.4mmol, ca. 3% based on oxyl).
(b) A colourless liquid (3.16g), Wwhich was shown by g.l.c.
(2m SE 30 at 90 °C) to contain four major components and ca.
twelve minor components which were not present is sufficient
quantities to allow their separation and identification.

The four major components were separated by preparative-
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scale g.l.c. (as above) to afford (i) NN-bistrifluoromethyl-
hydroxylamine (1.20g, 7.1mmol, 49% based on oxyl), (ii)
unchanged t-butyl acetate (0.40g, 3.5mmol, 51% recovered),
(iii) 1,1-dimethyl-2-(NN-bistrifluoromethylamino-oxy)-2-0x0~-

ethyl acetate (CF3)2NOCOCMe2OAc (0.39g, 1.3mmol, 40%) (Found:
C, 32.1; H, 3.2; N, 4.4. 08H9F6NO4 requires C, 32.3; H, 3.0;

N, 4.7%), b.p. 163 °C, which was identified by a consideration
of its i.r. (p. 231), n.m.r. (p. 246), and mass (p. 274)
spectra, and (iv) a product which was shown by g.l.c. (2m TXP
at 90 °C) to be a mixture of two components in the ratio

ca. 2.8: 1. These components were ventatively identified on
the basis of n.m.r. spectroscopy (p. 247) and mass spectro-
metry (p. 275) as 1,1-dimethyl-2-(NN-bistrifluoromethylamino-
oxy)ethyl acetate (CF3)2NOCH20Me2OAc (ca. 0.34g, ca. 1.2mmol,
ca. 36%) and 1,1-dimethyl-2,2-bis(NN-bistrifluoromethylamino—-
oxy)ethyl acetate [(CF5)2NO]2CHCMe20Ac (ca. 0.23g, ca. 0.5
mmol, ca. 15%). The i.r. spectrum of the two-component:
mixture showed very strong absorptions in the region 7.41-
8.47 (C-F str.)«m together with a strong broad absorption at
5.77 (C:0 str.) wm.

12. Cyclopropylcarbinol

The reaction of a 2:1 molar mixture of the oxyl(6) and
cyclopropylcarbinol at room temperature (10min) gave
- IN-bistrifluoromethylhydroxylamine, unchanged alcohol (56%
recovered), and one major component (A4) (ca. 95% based on
consumed alcohol). Hence, the reaction was repeéted using a
larger molar ratio of oxyl:alcohol as follows.

The oxyl (6) (2.9, 17.3mmol) and cyclopropylcarbinol
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(0.32g, 4.4mmol) were sealed in vacuo in a Prrex ampoule (ca.
1OOcm3) and kept at room temperature (10min). Fractional
condensation of the products in vacuo gave (a) a -78 ¢
fraction (1.98g), which was shown by i.r. spectroscopy to be
NN-bistrifluoromethylhydroxylamine (1.98g, 11.7mmol, 68%
based on oxyl), (b) a -23 °C fraction (0.26g), which was
shown by g.l.c. (2m SE 30 and PEGA at 80 °C) to contain two
components, and (c) a colourless non-volatile liquid (0.98g),
which was shown by g.l.c. (as above) to contain three compon-
ents, two of which were identical to those present in
fraction (b).

Fractions (b) and (¢) were combined and the minor
component was identified by a comparison of its g.l.c.
retention time with that of a known pure sample as unchanged
cyclopropylcarbinol (ca. 0.07g, ca. O.1mmol, ca. 2.5%
recovered).

The two major components (A) and (B) were separated by
preparative-scale g.l.c. (as above) to afford NN-bistrifluoro-
methylhydroxylamine (B) (0.2g, 1.2mmol, 7% based on oxyl),

and Kl-bistrifluoromethylamino-oxycyclopropane carboxylate (4)

5EEEEEEHCOON(CF5)2 (1.04g, 4.4mmol, 99%) (Found: C, 30.2; H,
2.2y Ny, 5.9; F, 48.5. C6H5F6NO2 requires C, 30.4; H, 2.1; N,
5.9; F, 48.1%), which was identified by a consideration of
its i.r. (p. 231), n.m.r. (p. 247), and mass (p. 274) spectra.
13. Vith cyclopropylmethylcarbinol

The oxyl (6) (3.95g, 23.6mmol) and cyclopropylmethyl-
carbinol (0.95g, 11.0mmol) were sealed in vacuo in a Pyrex

ampoule (ca. 1OOcm5) and kept at rcom temperature (2min).
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Fractional condensation of the products in vaicuo gave (a) a
-196 °¢ fraction (ca. 0.05g), which was shown by i.r.
spectroscopy to be NN-bistrifluoromethylamine (ca. 0.05g, ca.
0.2mmol, ca. 1.5% based on oxyl), (b) a -78 °C fraction
(1.94g), which was shown by i.r. spectroscopy to be NN-bis-
trifluoromethylhydroxylamine (1.94g, 11.5mmol, 49% based on
oxyl), (c¢) a =23 °C fraction (1.3g), which was -shown by
g.l.c. (2m PEGA at 80 °C) to be a mixture of ca. seven
components, and (d) a colourless non-volatile liquid (1.61g),
which was shown by g.l.c. (as above) to be a complex mixture
of ca. eleven components including those present in fraction
(c).

Fractions (c¢) and (d) were combined and shown by g.l.c.
(as above) to contain one major component and ca. ten minor
components.

The major component was separated by rreparative-scale
g.l.c. (as above) to afford cyclopropylmethylketone
CHECHgCHCOCH5 (ca. 0.53g, ca. 6.3mmol, ca. 60%), which was
identified by a comparison of its i.r. and n.m.r. spectra
with those of a known pure sample. The i.r. spectrum of a
mixture of the minor components showed absorptions in the
region-6.0-6.77 (C:C str.)«m, together with O0-H and C:0
absorptions, and bands typical of an amino-oxy group.

14a. With cyclopropylphenylmethane (neat)

The oxyl (6) (3.16g, 18.8mmol) and cyclopropylphenyl-
methane (1.25g, 9.5mmol) were sealed in vacuo in a Pyrex
ampoule (ca. 1OOcm5) and kept at room temperature (10min).

Condensation of the products in vacto gave (a) a -78 ¢
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fraction (1.6g), which was shown by i.r. and a.m.r. spectro-
scopy to be NN-bistrifluoromethylhydroxylamine (1.6g, 9.2
mmol, 49% based on oxyl), and (b) a colourless non-volatile
liquid (2.81g), which was shown by g.l.c. (2m APL at 150 °C)
to contain two major components (A) and (B) in the ratio
10.1: 1, and six very minor components which were not present
in sufficiént quantities to allow their separation and
identification.

By a comparison of its retention time with that of a
known pure sample, component (B) was identified as unchanged
cyclopropylphenylmethane (0.1g, O.8mmol, 9% recovered).
Component (A) was separated by preparative-scale g.l.c. (as

above) to afford cyclopropyl-(NN-bistrifluoromethylamino-

|
oxXy )phenylmethane CH2CH20HCHPhON(CF5)2 (2.47¢g, 8.3mmol, 95%),

(Found: C, 48.3; H, 3.8; N, 4.9; F, 38.3. 042H11F6N0 requires:
C, 48.2; H, 3.7; N, 4.7; F, 38.1%), b.p. 201-202 °C, which
was identified by a consideration of its i.r. (p. 232),
n.m.r. (p. 248), and mass (p. 276) spectra.

14b. With cyclopropylphenylmethane (in solution)

The oxyl (6) (1.98g, 11.8mmol), cyclopropylphenylmethane
(2.68g, 20.3mmol), and 1,1,2-trichloro-1,2,2-trifluoroethane
(37.7g) were sealed in vacuo in a Pyrex ampoule (ca. BOOcma)
and kept aft room temperature (10min). Condensation of the
products in vacuo gave (a) a volatile fraction (38.66g), which
was shown by i.r. spectroscopy to contain NN-bistrifluoro-
methylhydroxylamine and 1,1,2-trichloro-1,2,2-trifluoroethane
and which was not investigated further, and (b) a light

yellow non-volatile fraction (3.71g)}, which was shown by
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g.l.c. (2m APL at 150 °C) to contain three major components
(4-C) in the ratio 1: 10.7: 31.9, and six very minor
components. By a comparison of the retention times of
components (C) and (B) with those of known pure samples they
were identified as unchanged cyclopropylphenylmethane (C)
(1.92g, 14.5mmol, 71.5% recovered) and cyclopropyl(NN-bis-
vrifluoromethylamino-oxy)phenylmethane (B) (1.47g, 4.9mmol,
84.5%). Component (4) was not identified.

15a. J7ith 2(10)-pinene (f-pinene) (neat reactants)

The oxyl (6) (1.79g, 10.7mmol) and 2(10)-pinene (0.778g,
5.7n1mol) were sealed in vacuo in a Pyrex ampoule (gg. 300cm5).
The reaction reached completion as the nixture warmed up from
-196 °C to room temperature. Consensation of the products
in vacuo gave (a) a volatile fraction (0.46g), which was
shown by i.r. spectroscopy to be NN-bistrifluoromethyl—
hydroxylamine (0O.46g, 2.7mmol, 26% based on oxyl), and (b) a
colourless non-volatile liquid (2.1g), which was shown by
g.l.c. (2nSE 30 at 130 °C) to contain unchanged 2(10)-pinene
(0.15g, 1.1mmol, 19% recovered), identified by a comparison
of its retention time with that of a known pure sample, and
four major components (A-D) in the ratio 5.4: 1.0: 1.7: 2.9.

Components (A-D) were separated by vreparative-scale

gel.c. (as above) to afford (i) 10—(NN-bistrifluoromethxl-

amino-oxy)-2-pinene (CF5)2NOCH26?EHCH20HCH26HCMe2 (1) (0.67g,
2.2mmol, 48%) (¥Found: C, 47.7; H, 5.1; N, 4.7; F, 38.0.
C/leH,ISFGITO requires C, 47.5; H, 5.0; N, 4-6; F, 5706%)7 b.p.
184 °C, which was identified by a consideration of its i.r.

(p. 232), n.m.r. (p. 248), and mass (p. 277) spectra, (iii)
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1-(NN-bistrifluorometiylamino-oxy)methyl-4- [2'-(NN-bistri-

fluoromethylamino-oxy)prooyl]cyclohex-ﬂ-ene
(CF;)ZNOCHgé:CHCchH[?Meon(CF§)2]0H2éH2 (B) (0.22g, 0.47mmol,
10%) (Found: C, 34.4; H, 3.2; N, 6.15 F, 49.1. CquH,  Fqol150,
requires C, 35.6; H, 3.4; N, 5.9; F, 48.3%%), which was

identified by a consideration of its i.r. (p.232 ), n.m.r.
(p.249 ), and mass spectra (p. 278 ), and (iii) components
(c) (0.36g, 0.8mmol, 16.5%) (Found: C, 35.5; H, 3.5; N, 6.2;
F, 48.7%), b.p. 218 °C, and (D) (0.52g, 1.1mmol, 24%) (Found:
C, 35.3; H, 3.7; N, 5.6; F, 48.5%), b.p. 220 °C, which were

identified as diastereoisomers of 2(10)-bis(NN-bistrifluoro-

methylamino-oxy)pinane (CF3)2N00H2¢ON(CF5)2CH2CH20HCH2¢HGMe2,
by a consideration of their i.r. (p.233 ), n.m.r. (p.250 ),
and mass (p. 279 ) spectra.

15b. With 2(10)-pinene (in solution)

The oxyl (6) (3.38g, 20.1mmol) was slowly passed through
a solution of 2(10)-pinene (1.36g, 10.0mmol) in 1,1,2-tri-~
chloro-1,2,2—trifluoroethane (38g) using nitrogen as carrier
gas (30min). The lower-boiling material was removed by
condensation in vacuo, and the remaining colourless non-
volatile liquid (3.5g) was shown by g.l.c. (2m SB& 30 at
130 °C) to contain unchanged 2(10)-pinene (14.5% recovered),
and components (A-D) from the previous experiment in the
ratio (4) (€4%), (B) (7%), (C) (11%), and (D) (18%)..
16. With 2-pinene (A-pinene)

The oxyl (6) (1.73g, 10.3mmol) and 2-pinene (0.76g, 5.6
mmol) were sealed in vacuo in a Pyrex ampoule (ca. 1OOcm3).

The reactiuvn reached completion as the mixture warmed from
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-196 °C to room temperature. Condensation of the products
in vacuo gave (a) a volatile fraction (ca. 0.65g), which was
shown by i.r. spectroscopy to be NN-bistrifluoromethyl-
hydroxylamine (0.65g, 3.8mmol, 37% based on oxyl), and (bj a
light brown non-volatile liquid (1.84g), which was shown by
g.l.c. (2mn SE 30 at 145 °C) to contain unchanged 2-pinene
(ca. 0.03g, ca. O.3mmol, ca. 4.5% recovered), and two major
components (A) and (B), and four minor components which were
not present in sufficient quantities to allow their
separation and identification.

Components (A) and (B) were separated by preparative-
scale g.l.c. (4m SE 30 followed by 2m TXP at 140 °C) to
afford (i) 3-(IT-bistrifluoromethylamino-oxy)-2(10)-pinene

CH2:éCHON(QF5)2CH20HCH26HCMe2 (4) (1.09g, 3.6mmol, 66.5%)
(Found: C, 47.8; H, 5.1; N, 4.9; F, 37.9. 012H15F6N0
requires: C, 47.5; i, 5.0; N, 4.6; F, 37.6%), which was
identified by a consideration of its i.r. (p. 233), n.m.r.
P. 249), and mass (p. 280) spectra, and estimated by n.m.r.
spectroscopy to be an equimolar mixture of exo- and endo- -
diastereoisomers, and (ii) 2,3-bis(liN-bistrifluoromethyl-
anino-oxy)pinane (CF5)2NO&MeCH[bN(CF3)2]CHeEHCHzéHCMee (B)
(0.52¢g, 1.1mmol, 20.5%) (Found: C, 35.9; H, 3.5; N, 5.8; F,

47.8. 014H16F12N202 requires. C, 35.6; H, 3.4; N, 5.9; F,
48.3%), which was identified by a consideration of its i.r.
(p. 234), n.m.r. (p. 251), and mass (p. 280) spectra, and
shown by ng n.m.r. spectroscopy to be a mixture of
diastereoisomers.

As the reaction was exothermic, it was repeated at
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-78 °¢ to help dissipate the heat of reaction. This gave a
colourless mixture, the composition of which was virtually
identical to that obtained in the previous reaction.

17a. VWith norbornadiene (neat reactants)

When a neat oxyl/norbornadiene reaction mixture was
allowed to warm up from -196 °¢ to room temperature extensive
charring occurred which resulted in the formation of a black
mixture. Hence, the conditions were modified in the
following manner.

The oxyl (6) (1.72g, 10.2mmol) and norbornadiene (0.58g,
6.3mmol) were sealed in vacuo in a'Pyrex ampoule (ca. 100cm3)
and maintained at -64 °C (2h). The ppoducts were separated
by condensation in vacuo into the following fractions. (a)

A fraction which condensed below -23 ¢ (0.60g), and was
shown by i.r. spectroscopy to contain NN-bistrifluoromethyl-
amine, NN-bistrifluoromethylhydroxylamine, carbon dioxide,
and unchanged norbornadiene and was not investigated further.
(b) A light brown liquid (1.70g), which was shown by g.l.c.
(2m KEL F at 95 °C) to contain nine major components (A-I)
in the ratio 21.3: 15.5: 13.6: 73 5: 2:5:131-1: 1, and ca.
six minor components which were not present in sufficient
quantities to allow their separation and identification.

By a comparison of the reteﬁtion time of component (A)
with that of a known pure sample, it was identified as
unchanged norbornadiene (0.18g, 2.0mmol, 32% recovered).

domponents (B) and (C) were separated by preparative-
scale g.l.c. (as above)‘to afford the diastereoisomers

2-exo-3-endo-bis(KXN-bistrifluoromethylamino-oxy)norborn-5-ene
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(CF5)2NOéHCHON(CF5)2CHCH:CHéHgHz (4) (0.60g, 1.4mmol, 32%)
(Foun.d: C’ 3000; H, 409; N, 6.6; F, 55-80 C,],IH8F,‘2N202
requires C, 30.8; H, 1.9; N, 6.5; F, 53.3%), and Z-exo-3-
exo-bis(NN-bistrifluoromethylamino-oxy)norborn-5-ene (B)

(G.4g, 1.2mmol, 28%) (Found: C, 30.5; H, 2.2; N, 6.5; F,

53.6%), which were identified by a consideration of their

i.r. (p. 235), n.m.r. (p. 252,253), and mass (p. 283) spectra.
On the basis of coupled g.l.c. (as above)/mass spectro-

metry (p. 284), components (D) and (E) were tentatively

identified as endo-exo- and exo-ex0-2,6-bis(NN-bistrifluoro-

methylamino-oxy)nortricyclane (CF3)2NOCHQH9HCHCHON(CF3)EéH9H2,

and components (F-I) were tentatively identified as diastereo-

isomers of 2-exo0-3,5,6-tetrakis(NN-bistrifluoromethylamino-

oxy)norbornane (CF,),NOCHCHON(CF),CHCHON(CF),CHON(CF ),CHCH,;
320 372 3)2 3 ) 2CH(

the mass spectra (p. 285) of components (F-I) were virtually
identical.

17b. With norbornadiene in solution

To help dissipate the heat of reaction, the oxyl (6)
(3.65g, 21.7mmol) and norbornadiene (1.02g, 11.1mmol) were
sealed in vacuo in a Pyrex ampoule (ca. 100cm5) with 1,1,2-
trichloro-1,2,2-trifluoroethane (12.1g) and maintained at
-78 °¢ (40min). The volatile material was removed by
condensation in vacuo and the remaining colourless non-
volatile liouid was shown by g.l.c. (as above) to contain
conponents (B-I) (as obtained in the previous reaction) in

the ratio 7.1: 8.9: 2.2: 2.0: %.5: 1.1: 1.0: 1.0.
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17c. With a large excess of norbornadiene (in solution)

The oxyl (6) (0.6g, 3.6mmol) and norbornadiene (6.22g,
67.5mmol) were sealed in vacuo with 1,1,2-trichloro-1,2,2-
trifluoroethane (14.2g) in a Pyrex ampoule (ca. 100cm3) and
maintained at -64 °C (1.5h). Condensation of the products
in vacuo gave (a) a volatile fraction (20.34g), which was not
investigated, and (b) a colourless non-volatile liquid (0.62g),
which was shown by g.l.c. (as above) to contain components
(B-E) in the ratio 5.1: #4.8: 1.1: 1.0, and ca. six very minor
components. Components (F-I) were not detected amongst the
products.

A white solid residue (ca. 0.03g) was also obtained and
this was not investigated further.

17d. With norbornadiene (in the gas phase)

The oxyl (6) (3.45g, 20.5mmol) and norbornadiene (1.0g,
10.9mmol) were sealed in vacuo in a Pyrex ampoule (ca. 1Odm3).
The reaction was virtually instantaneous (as seen by the
immediate disappearance of oxyl colour and the formation of
a vapour which slowly condensed on the walls of the bulb).

The light yellow, non-volatile liquid which was drained
from the reaction bulb was shown by g.l.c. (as above) to
contain components (B-E) in the ratio 1.3: 1.0: 2.0: 1.4, and
ca. eleven very minor components. Components (F-I) were not
detected amongst the products.

18. 7ith cis-cis-cyclo-octa-1,5-diene

The oxyl (6) (2.58g, 15.4mmol) and cis-cis-cyclo-octa-
1,5-diene (0.89g, 8.2mmol) were sealed in vacuo in a Pyrex

amnpoule (gg. 100cm3). The reactiou reached completion as the
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mixture warmed up from =196 °¢ to room temperature., Conden=-
sation of the products in vacuo gave (a) a volatile fraction,
shown by i.r. spectroscopy to be NR-bistrifluoromethyl-
hydroxylamine (1.13g, 6.7mmol, 43.5% based on oxyl); and (b)
a colourless non-volatile liquid (2.34g), which was shown by
g.l.c. (2m TXP at 150 °C) to contain six major components
(A-F) in the ratio 1.0: 1.2: 1.1: 1.2: 2.4: 4.3, and ca. five
minor components which were not present in sufficient
quantities to allow their separation and identification.

The major components were separated by preparative-~scale
g.l.c. (2m SE 30 at 140 °C) and gave the following. (1)
Unchanged cyclo-octadiene (F) (0.31g, 2.9mmol, 35% recovered).
(ii) 3-(WN-bistrifluoromethylamino=-oxy)cyclo=octa~1,5-diene
(E) (CF5)2NoéHCH:CHCH2CH20H:CHbH2 (0.44g, 1.6mmol, 30%) (Found:
C, 43.4; H, 4.0; N, 5.1. C,oH44FgNO requires C, 43.6; H, 4.0;

N, 5.1%), b.p. 179 °C, which was identified by a consideration
of its i.r. (p. 235), n.m.r. (p. 253) and mass (p. 286) spectra.
(iii) A mixture of compdnents (A) and (B) (ca. 1:1) (combined
yield ca. 0.66g, ca. 1.5mmol, ca. 28%) (Found: C, 32.5; H, 2.3;
N, 6.3; F, 51.9%), which were identified as a bis(llj-bistri=
fluoromethylamino-oxy)cyclo-octadiene (Cale. for CqoHAoF 4 2N0
¢, 22.6; H, 2.3; N, 6.3; F, 51.6%) and a bis(amino=-oxy)eyclo=-
octene (Calc. for CagH P oNx05: Cy 32.4; H, 2.7; N, 6.3 7,
51.4%), by a consideration of the mass spectrum (p. 287) of .
the two-component mixture. (iv) A mixture of components (C)
and (D) (ca. 1:1) (combined yield ca. 0.66g, ca. 1.,5mmol, ca.
28%) (Found: C, 32.9; H, 2.2; N, 6.6; F, 51.5%), which were

identified as a bis(amino-oxy)cyclo-octene and a bis(amino=
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oxy)cyclo-octadiene on the basis of the mass spectrum (p. 288)
of the two-component mixture. The i.r. spectra of fractions
(iii) and (iv) showed absorptions characteristic of an
amino-oxy group together with bands in the regions 3.29-3.51
(C-H str.) and ca. 6.06 (C:C str.)mum. The 2 n.om.r. spectra
of both fractions showed broad complex absorptions at.S ca.
1.0-2.6 (12H), ca. 4.2 (2H), ca. 4.6-5.0 (2H), and cae. 5.2-
5.8 (6H) p.p.m., while the 19F spectra showed several over-
lapping absorptions at S ca. 28.8 p.p.m.

19. With cyclo-octene

The oxyl (6) (1.76g, 10.5mmol) and cyclo-octene (0.64g,
5.8mmol) were sealed in vacuo in a Pyrex ampoule (ca. 100cm3)
and reacted as the miiture warmed up from -196 °C to room
temperature. Condensation of the products in vacuo gave (a)

a =78 9¢ fraction, which was shown by i.r. spectroscopy to be
NN-bistrifluoromethylhydroxylamine (0.17g, 1.0mmol, 10% based
on oxyl), and (b) a colourless non-volatile liquid (2.23g),
which was shown by g.l.c. (2m SE 30 and APL at 130 °C) to
contain three major components (A-C), which were separated by
preparative-scale g.l.c. (2m SE 30 at 130 °C) to give (i)
unchanged cyclo-octene (0.12g, 1.71mmol, 18% recovered), (ii)

3-(IN-bistrifluoromethylamino-oxy)cyclo-oct-1-ene

(CF5)2NO(':HCH:CHCH2011201—12CH2<':H2 (0.26g, 0.9mmol, 20%) (Found:
C, 42.3; H, 4.4; N, 5.2. 010H15F6NO requires C, 43.3; H, 4.7;
N, 5.0%), b.p. 175-176 °C, which was identified by a consid-
eration of its i.r. (p.237 ), n.n.r. (p.255 ), and mass

(p.290 ) spectra, and (iii) 1,2-bis(IT-bistrifluoromethyl-

amino-oxy)cyelo-octane (CFy )EHO('JHCHECH ~CH 5CH 5CH ,CH ,CH SON(CF5),
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(1.43g, 3.2mmol, 67.5%) (Found: C, 32.1; H, 3.2; N, 6.0; F,
51.5. 012H14F12N202 requires C, 32.3%; H, 3.1; N, 6.3; F,
51.1%), b.p. 200 °C, whick was identified by a consideration
of its i.r. (p. 237), ne.m.r. (p. 255), and mass (p. 290)
spectra.

20. With allylbenzene

Experiment 1.

The oxyl (6) (1.96g, 11.7mmol) and allylbenzene (0.56g,
4,7mmol) were sealed in vacuo in a Pyre# ampoule (ca. 1OOcm5)
and the reaction reached completion as the mixture warmed up
from -196 °C to room temperature. Condensation of the
products in vacuo gave (a) a volatile fraction (0.70g), which
was shown by i.r. and n.m.r. spectroséopy to consist of
IHi-bistrifluoromethylhydroxylamine (0.64g, 3.8mmol, 32% based
on oxyl) and NN-bistrifluoromethylamine (ca. 0.05g, gg;.OLB
nnol, ca. 2.5% based on oxyl), and (b) a light yellow non;
volatile liquid (1.82g), which was shown by g.l.c.

(2m TXP and APL at 150 °C) to contain nine components (A-I)
in the ratio 2.3: 10.6: 1.0: 5.2: 2.2: 19.3: 10.7: 2.1: 8.6.
By a comparison of the retention time of component (G) with
that of a nown pure sample it was identified as unchanged
allylbenzene (ca. 0.09g, ca. O0.8mmol, ca. 175 recovered).

Components (B), (D), (F), and (I) were separated by
preparative-scale g.l.c. (4m TXP at 130 °C) to afford (i)

1,2,3-tri(N-bisvrifluoromethylamino-oxy)-3-phenylpropane

(CF3)QNOCHECHOH(CF5)2CHPhON(CF3)2, diastereoisomer 1 (B)
(0.5g, 0.8mmol, 20.5%) (Found: C, 28.7; H, 1.1; N, 7.0; F,
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55.1%), which was identified by a consideration of its i.r.
(p. 238 ), n.m.r. (p. 256 ), and mass (p. 292 ) spectra, (ii)
diastereoisomer 2 (D) (0.25g, O.4mmol, 10%), which was
identified by a consideration of its n.m.r. (p. 256 ) and mass
(p. 292 ) spectra, (iii) 3-(IM-bistrifluoromethylamino-oxy)-
3-phenylpropene (CFB)ZNOCHPhCH:CH2'(F) (0.41g, 1.4mmol, 37%)
(Found: C, 46.6; H, 3.2; N, 5.2; F, 40.1. 011H9F6N0 requires
C, 46.3; H, 3.2; N, 4.9; F, 40.0%), b.p. 173 °C, which was

identified by a consideration of its i.r. (p.237 ), n.m.r.

(p. 255 ), and mass (p. 291 ) spectra, and (iv) trans-3-(IIN-

bistrifluoromethylamino-oxy)-1-vhenylpropene

(CF5)2NOCH20H:CHPh (1) (0.18g, O.6mmol, 16.5%) (Found: C,

46.6; Hy 3.1; N, 4.9; F, 40.3%), m.p. 32-34 °C, which was

identified by a consideration of its i.r. (p.238 ), n.m.r.
(p. 257 ), and mass (p. 291 ) spectra. - The minor components
(4), (C), (B), and (H) were not identified.

Bxperiment 2.

The reaction was repeated using a higher molar ratio of
oxyl:allylhenzene, i.e. the oxyl (6) (3.12g, 18.6mmol) and
allylbenzene (0.51g, 4.3mmol) were sealed in vacuo in a Pyrex
ampoule (gg. 1OOcm5) and maintained at room temperature
(20min). Condensation of the products in vacuo gave (a) a
volatile fraction (1.08g), Which.was shown by i.r. and n.m.r.
spectroscopy to consist of H-bistrifluoromethylhydroxylamine
(0.88g, 5.2mmol, 28% based on oxyl) and perfluoro(2,4-dimethyl-
3-oxa-2,4~diazapentane) (ca. 0.13g, ca. O.4mmol, 'ca. 2%
based on oxyl), and (b) a light yellow non-volatile liquid
(2.55g), which was shown by g.l.c. (2n TXP and APL at 150 €0)
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to contain components (B-F) (as obtained in the previous
reaction), and a new component (J) in the ratio 20.8: 1.0:
9.6: 1.1: 10.8: 1.5. Components (4), (G), (H), 2ud (I) were
not detected in the products of this reaction.

The i.r. spectrum of the mixture showed a weak
absorption in the region 5.81-6.01 (C:O str.)mm, which was
not observed in the previous reaction mixture, indicating
that component (J) was possibly an ester.

21. Vlith pnenta-1,4-diene

Then a neat oxyl/diene reaction mixture was allowed to
warm up from -196 °¢ to room temperature a very exothermic
reaction occurred which resulted in extensive charring.

Hence the conditions were modified in the following manner.

The oxyl (6) (2.67g, 15.9mmol) and penta-1,4-diene
(0.59g, 8.7mmol) were sealed in vacuo in a Pyrex ampoule (ca.
5Ocm3) and maintaired at -78 °¢ (30nin). Condensation of the
products in vacuo gave (a) a volatile fraction (ca. 1.55g), :
which was shown.by g.l.c. (2m SE 30 at 70 °¢) to contain
three components (A-C). 3By comparison of the retention times
of components (A) and (B) with those of known pure samples,
and by a consideration of their coupled g.l.c. (as above)/i.r.
and mass spectra, they were identified as unchanged penta-
1,4-diene (ca. 0.27g, ca. 3.9mmol, ca. 44¢ recovered), and
Iil-bistrifluoromethylhydroxylamine (ca. 0.8z, ca. 4.8mmol,

ca. 30¢ based on oxyl).
Component (C) was separated by preparative-scale g.l.c.
(as above), contaminated with hydroxylamine, and was

tentatively identified as 3-(llI-bistrifluorometihylamino-oxy)-
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penta-1,4-diene CH,:CHCH [ON(CFB)a.[ CH:CH, (0.30g, 1.3mmol,
26.5%) by a consideration of the n.m.r. spectrum (p.258 ) of
the two compoment mixture, and a coupled g;l.c./mass spectrum
(p.116 ), and (b) a colourless non-volatile liquid (1.71g),
which was shown by g.l.c. (as above) to contain four
components (D-G) in the ratio 8.2: 2.0: 1.0: 19.3. Component
(G) was separated by preparative-scale g.l.c. (as above) and

was identified as 1,2,5-tri(Nli-bistrifluoromethylamino-oxy)-

pent-3-ene (CF5)2NOCH20H[6N(CF3)é]CH:CHCH20N(CF5)2 (1.22g,
2.1mmol, 44.5%) (Found: C, 23.2; H, 1.1; N, 7.4; ¥, 60.7.
C,],‘H7F18N505 requires C, 23.1; H, 1.2; N, 7.4; F, 59.9%),
b.p. 185 °C, by a consideration of its i.r. (p. 238 ), n.m,x.
(p. 257), and mass (p. 293 ) spectra.

On the basis of coupled g.l.c. (as above)/mass spectro-
metry (p. 295), component (E) was tentatively identified as
4,5-bis~-(lIH-bistrifluoromethylamino~-oxy)pent-1-ene
(CF3) SNOCHCH [OI\T(CFB)Z]CHQCH:CHz (ca. 0.06g, ca. O.1mmol, ca.
2.5%). The coupled g.l.c./mass spectra of components (D) and:
(F) were identical to those obtained for components (C) and
(G), respectively, and they were thus considered to be
1-(II-bistrifluoromethylamino-oxy)penta-2,4-~diene
(CF3)2NOCH20H:CHCH:CH2 (ca. 0.2g, ca. 0.9mmol, ca. 19%),
and a tri(amino-oxy)-substituted adduct (ca. 0.1g, ca. 0.2mmol,
ca. 5%), respectively.

A third reaction, using a 2:1 molar mixbure of the oxyl
and the diene in a Pyrex bulb (ca. 10dm>), gave a product
mixture virtually identical to that obtained in the second

reaction.
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The reactions of perfluoro(2,4-dimethyl-3-oxa-2,4-diaza-—

pentane) (7)

1. ith t-butyl bromide

The oxadiazapentane (7) (1.82g, 5.7mmol) and t-butyl
bromide (0.81g, 5.9mmol) were sealed in vacuo in a Pyrex
ampoule (ca. BOOcmB) and stored at room temperature (15d4).
Fractional condensation of the products in vacuo gave (a) a
-196 °c fraction (ca. 0.11g, O0.7mmol), which was shown by
i.r. spectroscopy to be Eg—bistrifluoroﬁethylamine (ca. 12%
based on oxadiazapentane), (b) a =78 °¢ fraction (1.64g),
which was shown by i.r. spectroscopy to contain NN-bistri-
fluoromethylamine, HN-bistrifluoromethylhydroxylamine and a
compound which showed a strong absorption in the region 3%.39-
3.42 (C-H str.)am, and (c) a colourless non-volatile liquid
(0.88g), which contained a droplet of dark brown liquid
(possibly bromine).

The combined fractions (b) and (c¢) were shown by g.l.c.
(2m SE 30 and KEL F at 90 °C) to contain unchanged t-butyl
bromide (0.2g, 1.5mmol, 27% recovered), 1,2-dibromo-2-methyl-
propane (0.3g, 1.4mmol, 32%) and 1-(WN-bistrifluoromethyl-
amino-oxy)-2-bromo-2-methylpropane (see p. 178) (ca. 0.08g,
ca. 0.?mmol, ca. 6%), which were identified by a comparison of
their retention times with those of known pure samples, and
ca. thirteen unidentified products which were not investigated
further due to ihe inadequate separation obtained on the

g.l.c. columns.
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2. With 2-chloro-2-thenylpropane

The oxadiazapentane (7) (2.78g, 8.7mmol) and 2-chloro-
2-phenylpropane (1.49g, 9.6mmol) were sealed in vacuo in a
Pyrex ampoule (ca. 1OOcm5) and stored at room temperature
(5d). Fractional condensation of the products in vacuo gave
(a) a =196 °C fraction (0.24g; M, 74), which was shown by
i.r. spectroscopy to consist of hydrogen chloride (ca. 0.07g,
1.%mmol, 33% based on consumed chloride), and NN-bistrifluoro-
methylamine (0.16g, 0.9mmol, 13% based on consumed oxadiaza-
pentane), (b) a -78 °C fraction (1.14g), which was shown by
i.r. and n.n.r. spectroscopy to contain unchanged oxadiaza-
pentane (0.64g, 2.0mmol, 23% recovered), and NN-bistrifluoro-
methylhydroxylamine (O.44g, 2.6mmol, 3%9% based on consumed
axadiazapentane), and (c¢) a black non-volatile liquid (2.89g),
which was shown by g.l.c. (2m TXP and APL at 150 °C) to be
a complex mixture of ca. thirteen components, one of which
was identified by a comparison of its retention time with
that of a known pure saﬁple as unchanged 2-chloro-2-phenyl-
propane (0.60g, %.8mmol, 40% recovered) (which decomposes to
d-methylstyrene at 150 °C on the g.lec. column). The
mixture was not investigated further.

5. WJith 3,3,3-trichloropropene

The oxadiazapentane (7) (2.24g, 7.0mmol) and 3,3,3-tri-
chloropropene (1.0g, 6.9mmol) were sealed in vacuo in a Pyrex
ampoule (ca. 100cm5) and stored at room temperature (20h).
Condensation of the products in vacuo gave the following.

(a) A volatile fraction (1.32g), which was shown by i.r. and

n.m.r. spechtroscopy to contain unchanged oxadiazapentane
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(1.31g, 4.0mmol, 57% recovered), and trace amnunts of
IXN-bistrifluoromethylamine and NN-bistrifluoromethylhydroxyl-
amine. (b) A colourless non-volatile liquid (1.92g), which
was shown by g.l.c. (2m SE 30 at 114 °C) to contain two major
components (A) and (B). By comparison of the retention time
of component (A) with that of a known pure sample, it was
identified as unchanged trichloropropene (0.56g, 3.9mmol, 56%
recovered).

Component (B) was separated by preparative-scale g.l.c.

(as above) and identified as 1-NN-bistrifluoromethylamino-

3-(MN-bistrifluoromethylamino-oxy)=-2,3%,3~trichloropropane
(CF5)2NCH20H010012ON(CF5)2 (1.3g, 2.8mmol, 93%) (Found: C,
18.43 H, 0.5; €1, 22.9; N, 6.0; F, 49.1. C7H5015F12N20
requires C, 18.1; H, 0.6; Cl, 22.6; N, 6.0; F, 49.1%), b.p.

176 °C, by a consideration of its i.r. (p. 228), n.m.r.
(p. 244), and mass (p. 263) spectra.

In an attempt to verify the structure, the adduct (2.9g,
O.6mmol) was refluxed (5h) with concentrated sulphuric acid
(6cm3) until the evolution of hydrogen chloride had ceased.
The mixture was then added to ice/water (18g) and continuously
extracted with diethyl ether (150m3). The organic layer was
then dried (MgSO,) and the ether removed by condensation in
vacuo to give a brown tar which was not investigated further.

4. With 3,3,3-trichloro-2-methylpropene

The 3,3%,3-trichloro-2-methylpropene (p.176) used in the
following reaction was only 90% pure, the contaminant being
1,1,5=trichloro-2-methylpropene.

The oxadiazapentane (7) (2.62g, 8.2mmol) and the
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trichloropropene (1.37g, 8.6mmol) were sealed in vacuo in a
Pyrex ampoule (ca. 500cm3) and stored at room temperature
(8d). Condensation of the products in vacuo gave the
following. (a) A volatile fraction (0.50g), which was shown
by i.r spectroscopy to contain NN-bistrifluoromethylhydroxyl-
amine, NN~bistrifluoromethylamine, and hydrogen chloride and
was not investigated further. (b) A colourless non-volatile
liquid (3.49g), which was shown by g.l.c. (2m APL at 100 °¢)
to contain ca. ten components.

The two major components were separated by preparative-

scale g.l.c. (as above) to afford (i) 1-NN-bistrifluoro-

methylamino—B—(NN—bistrifluoromethylamino-oxy)—2-methyl-

2,3,3-trichloropropane (CF5)2NCH20I~JeClC(3120N(CF5)2 (2.32g,
4,%mmol, 57%) (Found: C, 20.3; H, 1.2; N, 6.1; F, 47.8.
08H5015F12N20 requires C, 20.0; H, 1.0; N, 5.8; N, 47.5%),
which was identified by a consideration of its i.r. (p. 229),
n.m.r. (p. 244), and mass (p. 268) spectra, and (ii) a
compound shown by g.l.c. analysis (as above) to be contam-
inated with a minor unidentified component, and which was
tentatively identified as 1-(W-bistrifluoromethylamino-oxy)-
2-methyl-1,1,2,3-tetrachloropropane (CF3)2N000120MeClCH201
(0.36g, 1.0mmol, 11.5%) by a consideration of the n.m.r.
spectrum (n. 244) of the two-component mixture, and by its
coupled g.l.c. (as above)/mass spectrum (p. 269).

The minor ccmponents were not identified.

5. ith t-butylbenzene

The oxadiazapentane (7) (2.0g, 6.3mmol) and t-butyl

benzene (0.86g, 6.4mnol) were sealed in vacuo in a Pyrex
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ampoule (ca. 100cm5) and stored at room tempevature (74).
Condensation of the products in vacuo gave the following.
(a) A volatile fraction (0.77g), which was shown by i.r.
and n.m.r. spectroscopy to contain unchanged oxadiazapentane
(0.25g, 0.8mmol, 12% recovered), NN-bistrifluoromethylamine
(ca. 0.08g, 0.5mmol, 9% based on consumed oxadiazapentane),
and NN-bistrifluoromethylhydroxylamine (O.44g, 2.6mmol, 47%
based on consumed oxadiazgpentane). (b) A colourless non-
volatile liquid (2.09g), which was shown by g.l.c. (2m TXP
and APL at 150 °C) to contain six components (A-F) in the
ratio 3.7: 1.0: 1.4: 7.0: 8.8: 12.3. By a comparison of the
retention time of component (F) with that of a known pure
sample, it was identified as unchanged t-butylbenzene (0.31g,
2.%mmol, 36% recovered).

Components (&), (D), and (A) were separated by
preparative-scale g.l.c. (4m TXP at 140 °C) to give (i)
4-(NN-bistrifluoromethylamino)-t-butylbenzene (E)

(CF5)2N06H,+CMe5 (0.47g, 1.6mmol, 40%) (Found: C, 50.3; H,
4,8; N, 4.7; F, 40.2. 012H15F6N requires C, 50.5; H, 4.6;
N, 4.9; P, 40.0%), which was identified by a consideration of
its i.r. (p. 229 ), n.m.r. (p. 245 ), and mass (p. 274 ) spectra,

(ii) a second isomer tentatively identified as 3-(NN-bistri-

fluoromethylamino)-t—butylbenzene (D) (CF5)2NC6H,+CMe3 (0.37g,

1.3mmol, 3i.5%) (Found: C, 50.7; H, 4.7; N, 5.0%) by a
consideration of its i.r. (p.230), n.m.r. (p. 245), and
mass (p. 271 ) spectra, and (iii) a bis(IW-bistrifluoromethyl-
amino )-bis(IH-bistrifluoromethylamino-oxy)-t-butylcyclo-
hexene (A4) (C.54g, 0.7mmol, 17%) (Found: C, 28.1; H, 1.7;
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N, 8.0. 018H14F24N402‘requires c, 27.9; H, 1.8; N, 7.2%),
which was identified by a consideration of its i.r. (p. 230),
n.a.r. (p. 259), and mass (p. 272) spectra, and shown by
n.m.r. spectroscopy to be a mixture of isomers.

Components (B) and (C) were not present in sufficient
quantities to allow their separation and identification.

6. With 2-phenylpropan-2-ol

The oxadiazapentane (7) (2.14g, 6.7mmol) and 2-phenyl-
propan-2-o0l (0.82g, 6.0mmol) were éealed in vacuo in a Pyrex
ampoule (ca. 1OOcm3) and stored at room temperature (184).
The products were separated by condensation in vacuo into
the following. (a) A fraction which condensed below -23 °¢
(0.1g), which was shown by i.r. spectroscopy to contain
Mli-bistrifluoromethylamine, and IIN-bistrifluoromethyl-
hydroxylamine and was not investigated further. (b) A light
brown liquid (2.8g), which was shown by g.l.c. (2m APL and
SE 30 at 185 °C) to contain ca. eleven lower-boiling
components, and three high-boiling components (A-C)
(combined yield ca. 10% based on alcohol), which were
identified as isomeric dimers of L-methylstyrene by a
comparison of their retention times with the three high-~
boiling components obtained in the reaction of 2-phenyl-
propan-2-o0l] with NN~-bistrifluoromethylhydroxylamine (see
DP. 224); the products could not be effectively separated by
g.l.c. and the fraction was not investigated further. (c¢)

A white solid (ca. 0.05g), which remained in the reaction

tube and was not investigated further.



-21% -

7. With cyclopropylcarbinol

The oxadiazapentane (7) (3.16g, 9.%mmol) and cyclo-
propylcarbinol (0.70g, 9.7mmol) were sealed in vacuo in a
Pyrex ampoule (ca. 1OOcm3) and stored at room temperature
(18d). Fractional condensation of the products in vacuo
gave (a) a -196 °C fraction, which was shown by i.r. spectro-
scopy to be IIN-bistrifluoromethylamine (1.1g, 7.2mmol, 73%
based on oxadiazapentane), (b) a -78 °C fraction (0.8g),
which was shown by i.r. spectroscopy to contain NN-bistri-
fluoromethylamine and NN-bistrifluoromethylhydroxylamine, and
was not investigated further, and (c¢) a dark brown non-
volatile liquid (1.95g), which was shown by g.l.c. (2m SE 30
at 120 °C) to be a complex mixture of ca. eight lower-
boiling and ca. sixteen higher-boiling components.

The i.r. spectrum of fraction (c) showed strong
absorptions in the region 5.62-5.95 (C:0 str.) um, together
with O-H absorptions, indicating that oxidation had occurred
to some extent.

8. With cyclopropylmethylcarbinol

The oxadiazapentane (7) (2.9g, 2.71mmol) and cyclo-
propylmethylcarbinol (0.81g, 9.4mmol) were sealed in vacuo in
a Pyrex ampoule (ca. 1OOcm3) and stored at room temperature
(7d). PFractional condensation of the products in vacuo gave
(a) a =19 °c fraction, which was shown by i.r. spectroscopy
to be IN-bistritluoromethylamine (0.72g, 4.7mmol, 52% based
on oxadiazapentane), (b) a -78 °¢ fraction (0.24g), which
was shown by i.r. spectroscopy to contain NN-bistrifluoro-

methylamine and NN-bistrifluoromethylhydroxylamine and which
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was not investigated further, (c) a -23 °¢ fraction (0.3g),
which was combined with (d) a light brown non-volatile

liquid (2.45g).

<~

The mixture of fractions (c¢) and (d) was shown by g.l.c.
(2m SE 30 at 100 °C) to be a complex mixture of ca. eleven
lower-boiling, and ca. eleven higher-boiling components, one
of which was identified as unchanged cyclopropylmethyl-
carbinol (ca. C.O4g, ca. O0.5mmol, ca. 18% recovered), by a
comparison of its retention time with that of a known pure
sample.

The i.r. spectrum of the mixture showed strong
absorptions in the region 5.65-5.95 (C:0 str.)um, together
with a broad O-H absorption, indicating that oxidation of
the alcohol had occurred to some extent.

9. With cyclopropylphenylmethane

The oxadiazapentane (7) (2.71g, 8.5mmol) and cyclo-
propylphenylmethane (1.09g, 8.%mmol) were sealed in vacuo in
a Pyrex ampoule (ca. 300cm3) and kept at room temperature
(1d). Condensation of the products in vacuo gave (&) a
volatile fraction (1.54g), which was shown by i.r. and n.m.r.
spectroscopy to contain unchanged oxadiazapentane (1.4g,
4.5mmol, 53% recovered), NN-bistrifluoromethylamine (0.15g,
1.0rmol, 25% based on consumed oxadiazapentane), and
IMI~-bistrifluoromethylhydroxylamine (trace), and (b) a
colourless non-volatile liquid (2.26g), which was shown by
g.l.c. (2m APL at 150 °C) to contain one major component
and ca. nineteen minor components. The major component was

identified by coupled g.l.c. (as above)/mass spectrometry and
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by a comparison of its retention time with that of a known
pure sample as unchanged cyclopropylphenylmethane (0.53g,
4,.0mmol, 48¢% recovered). The minor components were
investigated by coupled g.l.c./mass spectromefry but the
results were rather ambiguous and it was difficult to assign
structures; several components showed base peaks at m/e 91,
with a parent ion at m/e 283, and on this evidence they have
been tentatively identified as bistrifluoromethylamino-
substituted cyclopropanes of general formulae PhCH203H4N(CF3)2.
10. With 2(10)-pinene (R-pinene)

The oxadiazapentane (7) (3.06g, 9.6mmol) and 2(10)-
pinene (1.12g, 8.2mmol) were sealed in vacuo in a Pyrex
ampoule (ca. EOOcmB) and stored at room temperature (64).
Condensation of the products in vacuo gave (a) a volatile
fraction (0.58g), which was shown by i.r. spectroscopy to
consist mainly of Ni-bistrifluoromethylamine, and NN-bistri-
fluoromethylhydroxylamine and was not investigated further,
and (b) a colourless non-volatile liquid (3.6g), which was
shown by g.l.c. (2m TXP and SE 30 =2t 150 °C) to contain ca.,
eleven components (both columns showed six overlapping peaks).

Separation of certain of the components by preparative-
scale g.l.c. (4m SE 30 followed by 2m APL at 140 °C) gave
(1) a mixture of two components (iz the ratio ca. 2:1)

tentatively identified as 10-(NN-bistrifluoromethylamino)-

2-pinene (CF5)2NCH26:CHCH2 HCH,CHCMe, (ca. 0.35g, ca. 1.2
mmol, ca. 15%) and 10-(MN-bistrifluoromethylamino-oxy)-2-

pinene (CF5)2HOCH2b:CHCHecHCHEéHCMez (ca. 0.17g, ca. 0.6mmol,
ca. 7%), by a consideration of the i.r. (p. 234), n.m.r.

(p. 251), and mass (p.281 )spectra of the two-component
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mixture, (ii) a component tentatively identified as 1-(NN-
bistrifluoromethylamino)methyl—4—[?'-(gﬁ—bistrifluoromethyl-
amino-oxy)propyl]cyclohex—1-ene

I 1
(CF3) ;NCHC: CHCH,CH [Clie ,0N(CF5),|CH,CH, (ca. 0.37g, ca. 0.8
mmol, ca. 10%) (Found: C, 38.1; H, 4.0; N, 5.9. CquH,cF,5N50

requires C, 36.8; H, 3.5; N, 6.1%), on the basis of its
n.m.r. (p. 252) and mass (p. 276) spectra, and (iii) a
component tentatively identified as 1-(NH-bistrifluoro-

methylamino )methyl-4-isopropylcyclohex-1-ene

(0F3)2NCH2<'3:CHCchH(CHMea)CszH2 (ca. 0.47g, ca. 1.6mmol,
ca. 20%) (Found: C, 48.4; H, 6.0; N, 4.3. C12H17F6N requires
Cy, 49.8; H, 5.9; N, 4.8%), by a consideration of its n.m.r.
(p. 252) and mass (p.282 ) spectra.

11. 7ith 2-pinene (A -pinene)

The oxadiazapentane (7) (2.54g, 7.9mmol) and 2-pinene
(1.05g, 7.7mmol) were sealed in vacuo in a Pyrex ampoule (ca.
BOOcma) and stored at room temperature (15d). Consensation
of the products in vacuo gave (a) a volatile fraction (0.66g),
which was shown by i.r. and n.m.r. spectroscopy to be mainly
HN-bistrifluoromethylamine (ca. 0.28g, ca. 1.8mmol, ca. 23%
based on oxadiazapentane) and Eﬂ-bistrifluoromethylhydroxyi—
amine (ca. 0.29g, ca. 1.7mmol, ca. 22% based on oxadiagza-
pentane) contaminated with a small amount of an unidentified
component which showed- an absorption in the 19F n.Mm.r.
spectrum at § ~11.5 p.p.m. (wer.t. T.F.A. reference), and
(b) a colourless non-volatile liquid (2.93g), which was shown
by g.l.c. (2m APL and SE 30 at 135 °C) to be a complex

nixture of ca. fourteen components which could not be
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adequately separated, and which were not investigated'
further,

12. 7ith norbornadiene

The oxadiazapentane (7) (2.84g, 8.9mmol) and norborn-
adiene (0.82g, 8.9mmol) were sealed in vacuo in a Pyrex
ampoule (ca. 100cm5) and stored at room temperature (5d4).
The products were seen to have formed an upper layer of
yellow/brown solid material and a lower .layer of yellow
liquid.

Hence, the reaction was repeated in solution using the
oxadiazapentane (7) (3.46g, 10.8mmol) and norbornadiene (0.9g,
9.8mmol) which were sealed in vacuo in a Pyrex ampouie (ca.
100cm3) with 1,1,2-trichloro-1,2,2-trifluoroethane (7.25g)
and stored at room temperature (8d). The lower-boiling
material was removed by'condensation in vacuo and the
remaining non-volatile gelatinous material (ca. 4.0g)
(Found: C, 33%3.4; H, 2.1; N, 4.9; P, 49.4%) was tentatively
identified on the basis of its mass spectrum (p.297 ) as a
mixture of telomeric products of general formulae
(CF3)2N[C7H8] LON(CF3), (where x= 1,2,...). The i.r. and
n.m.r. spectra of the mixture were very complex and of little
help in the identification of the products. Attempts to
separate tne gelatinous material by column chromatography
and t.l.c. (using chloroform, acetone and 1,1,2-trichloro-
1,2,2=-trifluorocthane as eluants) proved unsuccessful.

The non-volatile material was therefore dissolved in
1,1,2-trichloro-1,2,2-trifluoroethane (3x10cm3) and the

solvent removed by condensation in vacuo in an attempt to
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remove the residual lower-boiling material. This gave a
white solid (ca. 3.5g) (Found: C, 42.4: H, 3.6; N, 5.5; F,
4C.3%). The i.r. and n.m.r. spectra of the solid were very
complex and showed only that it contained NN-bistrifluoro-
methylamino- and NN-bistrifluoromethylamino-oxy groups, and
was not investigated further.

13. With cis-cis-cyclo-octa-1,5-diene

The oxadiazapentane (7) (3.69g, 11.5mmol) and cis-cis-
cyclo-octa-1,5-diene (1.29g, 11.%mmol) were sealed in vacuo
in a Pyrex ampoule (ca. 1OOcm3) and stored at room temper-
ature (6d). Condensation of the products in vacuo gave the
following. (a) A volatile fraction (0.71g), Which was shown
by i.r. spectroscopy to contain NN-bistrifluoromethylamine
and NN-bistrifluoromethylhydroxylamine and was not inves-
tigated further. (b) A colourless non-volatile liquid
(4.26g), which was shown by g.l.c. (2m SE %0 and TXP at
150 OC) to contain eight components (A-H). By a comparison
of the retention time of component (A) with that of a known
pure sample it was identified as unchanged cyclo-octadiene
(0.13g, 1.2mmol, 10% recovered).

The three major components (F-H) were separated by

preparative-scale g.l.c. (2m SE 30 followed by 2m TXP at
125 °¢) to afford (i) 1-NN-bistrifluoromethylamino—2—(NN-

bistrifluoromethylamino-oxy)cyclo-oct—-5-ene

‘ - I3
(CFB)gﬂéHCHZCHECH:CHCH20H2CHON(CF3)2, diastereoisomer 1 (G)
(1.55g, 3.6mmol, 34%) (Found: C, 33.7; H, 2.9; N, 6.8; F,
53.8. C42H12F12N20 requires C, 3%3.6; H, 2.8; N, 6.5; F,

53.3%%), which was identified by a consideration of its i.r.
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(p. 236), n.m.r. (p. 254), and mass (p. 289) spectra, (ii)
diastereoisomer 2 (H) (1.24g, 3.0mmol, 28%) (Found: C, 33.8;
H, 3.0; N, 6.5%), which was identified by a consideration of
its i.r. (p. 236), n.m.r. (p. 254), and mass (p. 289) spectra,
and (iii) component (F), which was tentatively identified as
an amino-oxy-substituted cyclo-octadiene (ca. 0.39g, ca.

1.4mmol, ca. 13%) by a consideration of its L

Hn.m.r. spectrum
(ca. 15% in carbon tetrachloride solutiqn) which showed
conplex absorptions at & ca. 1.2-2.6 (6H), ca. 5.0 (1H), and
ca. 5.5 (4H) p.p.m., and its 19F n.m.r. spectrum which showed
a singlet at S 27.0 p.p.m. Component (C) was partially
separated by preparative-scale g.l.c.'(as above) and although

impure, was tentatively identified as 1-(NN-bistrifluoro-

methylamino Jeyclo-oct-5-ene (CFy) SNCHCH ,CH,CH,CH: CHCH,CH,,
(ca. 0.3g, ca. O.1mmol, ca. 9%) on the basis of its n.m.r.
spectrum (p. 253).

14. VWith allylbenzene

The oxadiazapentane (7) (2.3g, 7.2mmol) and allylbenzene
(0.89g, 7.51mol) were sealed in vacuo in a Pyrex ampoule (ca.
ﬁOOcmB) and stored at room temperature (6d). Condensation of
the products in vacuo gave (a) a volatile fraction (0.27g),
Wwhich was shown by i.r. and n.m.r. spectroscopy to consist of
unchanged oxadiazapentane (O.ﬂ4g; C.%5mmol, 7% recovered),
Ml-bistrifluoromethylamine (ca. 0.05g, ca. O.3mmol, ca. 5%)
and NN-bistrifluoromethylhydroxylamine (ca. 0.07g, ca. O.4
mnol, ca. 6%), and (b) a light yellow non-volatile liquid
(2.92g), which was shown by g.l.c. (2m TXP and APL at 150 °¢)
to contain five major components (A-E) in the ratio 12.5:

1.1: 1.%5: 2.3: 1.0, and six minor components which were not



- 220 -

present in sufficient quantities to allow their'sepération
and identification.

Components (C) and (E) were identified, by a comparison
of their retention times with those of known pure samples,
as unchanged allylbenzene (ca. 0.05g, ca. O.5mmol, ca. 6%
recovered) and trans-3-(NN-bistrifluoromethylamino-oxy)-1-
phenylpropene (0.11g, O.4mmol, 5.5%) (see p. 204).

Component (A), which was separated'by preparative-scale

g-l.c. (2m APL at 150 °C), was identified as 1-NN-bistri-

fluoromethylamino-2-(NN-bistrifluoromethylamino-oxy)-3-

phenylpropane (CFa)2NCH20HON(CF3)20H2Ph (2.07g, 4.7mmol,
66.5%) (Found: C, 35.9; H, 2.3; N, 6.5; F, 51.7.
C13H40F12N20 requires C, 35.6; H, 2.3; N, 6.4; F, 52.1%),

by a consideration of its i.r. (p. 239), n.m.r. (p.258 ),
and mass (p. 296) spectra.

The higher-boiling components were investigated by
coupled g.l.c./mass spectrometry, but adequate separation
could not be acheived, and componénts (B) and (D) were not
identified.

15a. 7ith venta-1,4-diene in the gas phase

The oxadiazapentane (7) (3.2g, 10.0mmol) and penta-1,4—
diene (0.71g, 10.4mmol) were sealed in vacuo in a Pyrex
ampoule (ca. 1Odm3) and kept at fonm temperature (24).
Analysis of the mixture by g.l.c. (2m SE 30 at 90 °C to
150 oC) showed tnat it contained unchanged diene (ca. 0.09g,
ca. 1.4mmol, ca. 13% recovered), identified by a comparison
of its retention time with that of a known pure sample, and

one major and ca. twenty minor components. Condensation or
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the products in vacuo gave the following. (a) A volatile
fraction (ca. 0.45g), which was shown by i.r. and n.m.r.
spectroscopy to contain unchanged penta-1,4-diene, NN-bis-
trifluoromethylamine, and HN-bistrifluoromethylhydroxylamine.
The 19F n.n.r. spectrum of the mixture showed ca. nine
absorptions in the region & -6 to -21 p.p.m. (W.r.t. T,F.A)
and was not investigated further. (b) A colourless non-
volatile liquid (ca. 3.46g), which was shown by g.l.c. (as
above) to contain ca. fifteen components.

The major component was separated by preparative-scale

g.l.c. (as above) and identified as 1-KN-bistrifluoromethyl-

amino-2-(lMN-bistrifluoromethylamino-oxy)pent-4-ene

(CF5)2NCH2CHON(CF3)2CH20H:CH2 (ca. 2.41g, ca. 6.2mmol, ca.
70%) (Found: C, 27.5; H, 2.2; N, 7.2; F, 58.3. C9H8F12N20
requires C, 27.8; H, 2.1; N, 7.2; F, 58.8%), which was
identified by a consideration of its i.r. (p. 239), n.m.r.
(p. 259), and mass (p. 296) spectra.

15b. VWith penta-1,4-diene (gas and liquid phases present)

The oxadiazapentane (7) (2.79g, 8.7mmol) and penta-1,4-
diene (0.57g, 8.4mmol) were sealed in vacuo in a Pyrex
ampoule (gg. 5Ocm3) and kept at room temperature (24).
Analysis by g.l.c. (as above) showed that the mixture
contained three major components'(A—C) in the ratio 1.7:
1.7: 1.0, and ca. eighteen minor components. Component (A)
was identified oy a comparison of its retention time with
that of a kxnown pure sample as 1-IlI-bistrifluoromethylamino-
2-(T-bistrifluoromethylamino-oxy)pent-4-ene (ca. 1.07g, ca.

2.8mmol, ca. 3%3%). Condensation of the products in vacuo
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gave the following. (a) A volatile fraction (ca. 0.8g),
which was shown by i.r. spectroscopy to contain unchanged
penta-1,4-diene, NN-bistrifluoromethylamine and NN-bistri-
fluoromethylhydroxylamine. The 19F n.m.r. spectrum of the
mixture showed ca. fifteen absorptions in the region $ -6.0
to -23.0 p.p.m. (w.r.t. T.F.A.) and was not investigated
further. (b) A colourless non-volatile liquid (ca. 2.56g),
which was shown by g.l.c. (as above) to contain ca. thirteen
components.

Components (B) and (C) were separated together ( contam-
inated with several minor unidentified components) by
preparative-scale g.l.é. (as above) and were tentatively
identified as HN-bistrifluoromethylamino-NN-bistrifluoro-
methylamino-oxy-substituted dimers of penta-1,4-diene
(combined yield gg.A41% based on diene), by a consideration
of the mass spectrum (p. 298 ) of the mixture. The L
n.m.r. spectrum of the component mixture showed poorly
resolved absorptions at § ca. 1.1-2.0 (4H, c¢), ca. 2.9 (a2H,
c), ca. 3.5-4.3 (2H, ¢), and ca. 4.8-5.7 (3H, ¢) p.p.m. The
ng n.m.r. spectrun showed absorptions at (i) S 29.8(s),
29.5 (s) and 28.6 (¢) p.p.m., and (ii) § ca. 19.0 (-19.0)
P.p.m., integrated intensities ca. 3:2.

16. /ith chlorobenzene

The oxadiazapentane (7) (3.66g, 11.4mmol) and chloro-
benzene (1.30g, 11.5mmol) were sealed in vacuo in a Pyrex
ampoule (ca. 1OOcm3) and stored at room temperature (74).
Fractional condensation of the products in vacuo gave the

following. (a) A -196 °C fraction (0.14g; I, 100), which
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was shown by i.r. spectroscopy to contain hydrogen chloride
(ca. 0.02g, ca. 0.16mmol, ca. 8%) and NN-bistrifluoromethyl-
amine [0.118, 0.7mmol, 7.5 % based on (7?]. (d) 4 =78 %%
fraction (1.45g), which was shown by i.r. and n.m.r. spectro-
scopy to contain unchanged oxadiazapentane (?7) (0.7g, 2.2
mmol, 19% recovered) and NN-bistrifluoromethylhydroxylamine
[O.?Bg, 4.4mmol, 48% based on (7)]. (¢) A yellow non-volatile
liquid (3.38g), which was shown by g.l.c. (2m TXP at 110 °¢C)
to contain four major components (A-D) in the ratio 1.4: 3.4:
1.0: 4.3, and ca. ten minor components which were not present
in sufficient quantities to allow their separation and
identification. Component (D) was identified by comparing its
retention time with that of a known pure sample as unchanged
chlorobenzene (0.47g, 4.1mmol, 36% recovered)

Components (A) and (B) were partially separated by
preparative-scale g.l.c. (as above) and tentatively identified
as a bis(NN-bistrifluoromethylamino)-bis(NN-bistrifluoro-
methylamino-oxy)chlorocyclohexene (4) (1.0g, 1.4mmol, 18%)
(Found: C, 24.5; H, 0.5; Cl, 3.5; N, 6.0. Calc. for
C1yHgClF N, 05 Cy 22.3; H, 0.7; Cl, 4.7; W, 7.4%), on the
basis of its i.r. (p.231 ) and mass (p.273 ) spectra; the
1H n.m.r. spectrum of the isolated sample showed absorptions
at § 3.3-4.9 (4H, c), and 6.1-6.4 (1H, ¢) p.p.m., together
with an AA'BB' system centred on & 6.95 p.pem. and it is
considered that the sample contained 4-(XN-bistrifluoromethyl-
amino )chlorobenzene (CF3)2NC6H4CI as a contaminant. The 19F
n.m.r. spectrum showed absorptions at & 12.1 (e)y 17.35 (8),
29.0 (c), and 29.€ (s) p.p.m., integrated intensities
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1: 3: 3: 2.5.

Component (B) was tentatively identified as
2-(NN-bistrifluoromethylamino)chlorobenzene (CF3)2N06H401
(0.85g, 3.2mmol, 43%) (Found: C, 33.6, 33.0; H, 1.1, 1.1; N,
6.6, 4.3. Calc. for CgH,ClF.N: C, 36.4; H, 1.5; N, 5.3%), by
a consideration of its i;r. (p. 230), n.m.r. (p. 246), and
mass (p. 270) spectra; the 1H n.m.r. spectrum of the isolated
sample showed complex absorptions at é‘ ca. 3.9-4.6 p.p.m.,
together with the expected absorption for the nuclear
hydrogens in an amino-substituted chlorobenzene, and indicated

that the sample was not pure.

The reaction of NN-bistrifluoromethylhydroxylamine with

2-phenylproran-2-o0l

A mixture of NN-bistrifluoromethylhydroxylamine (1.68g,
10.0mmol) and 2-phenylpropan-2-o0l (1.34g, 10.0mmol) was
sealed in vacuo in a Pyrex ampoule (ca. 100cm3) and kept at
room temperature (1d). Condensation of the products in vacuo
gave the following. (a) A volatile fraction (1.84g), which
was not fully investigated but which was shown by i.r.
spectroscopy to contain NN-bistrifluoromethylhydroxylamine.
(b) A yellow non-volatile (1.18g), which did not shown any:
absorptions in the i.r. spectrum in the region 2.8-3.1
(O—H str.)um. The liquid was dissolved in diethyl ether
(25cm3) anc then shaken with dilute sodium hydroxide solution
to remove residual hydroxylamine. The organic layer was
separated, dried (CaSO4), and the ether separated by
condensation in vacuo. The resulting colourless 1liquid was
shown by g.l.c. (2m PEGA and SE 30 at 190 °C) to contain

three major higher-boiling components (A-C) in the ratio
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1.0: 1.4: 1.1, and three very minor lower—boiliﬁg components.
The i.r. spectrum of the mixture was typical of a non-
fluorinated alkene and showed absorptions in the regions
3.25-3.50 (C-H str.), 6.26-6.94 (C:C str.), 8.95-9.73 (C-H
def.), and 13.16 and 14.29 ( C-H def.)um. The 'H n.m.r.
spectrum of the mixture showed broad absorptions in the
regions & 0.4-1.4, ca. 1.6-2.5, ca. 4.3-4.8, and ca. 6.7
p.p.m., integrated intensities ca. 12: 3: 1: 17. The mass
spectrum of the mixture showed peaks at m/e 236 (20%, CquedﬁL
221 [67%, (-CHz)*], 154 (100%, C,sHio*)s 143 (22%, Co4Hp,"),
119 (98%, CgHyq™)s 91 (53%, CoH,*), and 77 (23%, CgHg'). On
this evidence, the three major components (A-C) were
identified as isomeric dimers ofol -methylstyrene of general

formulae 018H20’



APPENDIX A

INFRARED SPECTRA

Band positions are quoted in micrometres followed
by the relative intensity of the absorption.
(w= weak, m= medium, s= strong, vs=very strong,

sh= shoulder, br= broad).
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1,2,3-Tri(Ni-bistrifluoromethylamino-oxy)-2-methylpropane
ECF3)2NOCHé]2CMeON(CF3)2 )] liquid

3.31 w(sh); 3.33 w; 3.36 w(sh); 3.38 w; 3.42 w; 3.45 w(sh);
4.12 w(br); 4.67 w; 5.47 w; 6.76 m3 6.84 m3 7.17 m;

7.26 m (sh); 7.29 m; 7.69 vs(br); 7.99 vs(br); 8.30 vs(br);
8.83 m; 9.41 s; 10.35 vs; 11.33 w; 11.98 w; 12.05 w(sh);
12.30 w; 12.69 w; 13.37 w; 14.08 vs, and 14.33 m.

1-(W-Bistrifluoromethylamino~oxy)-2-bromo-2-methylpropane
(CFB)ENOCchMeEBr (10) liquid

3.36 m; 3.41 m; 3.43 w(sh); 3.47 w(sh); 4.14 w(br); 4.70 w;
5.48 w; 6.7%9 m; 6.95 m; 7.02 m; 7.19 s; 7.26 s; 7.69 vs(br);
7.99 vs(br); 8.30 vs(br); 8.89 s; 9.09 s; 9.62 s(br);

10.44 vs; 11.42 m; 11.99 m; 12.35 m; 13.05 m, and 14.29 s.

1,2-Bis(NN-bistriflucromethylamino-oxy)-3-bromo-2-methyl-

propane (CF5)EHOCHQCMe(CH2Br)ON(CF3)2 (11) liquid

3.5 w3 3.34 w(sh); 3.38 w; 3.42 w; 3.45 w; 4.12 w(br);

4.67 w; 6.76 w(sh); 6.82 m; 6.97 w; 7.00 w(sh); 7.18 m;

7.26 m(sh); 7.69 vs(br); 7.97 vs(br); 8.29 vs(br); 8.93 m;
9.40 s(br); 10.32 s; 11.21 w; 11.44 w; 11.74 w(br); 12.12 m;
12.70 w; 13.89 w; 13.62 w; 14.08 vs; 14.29 m, and 14.49 nm. '
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1,2-Bis(liN-bistrifluoromethylamino-oxy)-3-chloro-2-methyl-
propane (CFB)2NOCH20Me(CH201)ON(CF3)2 (17) liquid

3.33 m3; 3.37 m; 3.42 W;'4.11 w(br); 4.66 w; 5.48 m; 6.76 m;
6.82 m; 7.18 m; 7.66 vs(br); 7.97 vs(br); 8.26 vs(br);

8.82 m; 9.05 m; 9.38 s; 9.49 s(sh); 10.31 vs; 11.17 wy
12.06 m; 12.48 m; 12.79 w; 13.07 m; 13.33 m; 13.97 vs, and
14.25 m,

1,2-Bis(liI-bistrifluoromethylamino-oxy)-2-chloropropane

(CFz ), NOCHACMeClONW(CF;), (18) ligquid
3)NOCH, 3J2

3.33 m; 3.39 m; 3.46 W; 4.14 w(br); 4.69 W; 6.44 W; 6.54 w;
6.81 s; 6.87 m(sh); 7.17 s; 7.63 vs(br); 7.92 vs(br);
8.24 vs(br); 8.64 s; 9.03 s(sh); 9.12 s; 9.36 s(br); 9.54 s;
10.29 s; 11.82 s; 12.20 m(sh); 13.37 m; and 14.03 s.

1,2-Bis(I-bistrifluoromethylamino-oxy)-2-phenylpropane

(CFB)EHOCHECPhMeON(CFB)e (20) liquid

3.22 w(sh); 3.24 w; 3.26 m; 3.30 m; 3.33 m; 3.36 w; 3.38 m;
.42 w5 3.47 wy 4,12 w(br); 4.67 Wi 6.24 w; 6.32 w; 6.49 w;
6.69 m; 6.85 m(sh); 6.92 m; 7.22 m; 7.30 m; 7.72 vs(br);
7.97 vs(br); 8.30 vs(br); 8.87 s; 9.17 m; 9.46 s; 9.69 s;
92.95 m; 10.37 vs; 10.56 m; 10.96 w; 11.85 m; 12.20 m;

12.35 w(sh); 13.04 s; 13.26 m; 13.48 w3 14.12 vs; 14.39 S;
15.04 m; and 15.80 m.
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1,2-Bis(NN-bistrifluoromethylamino-oxy)=3,3,3-trichloro-
propane (CF3)2NOCH20H(0013)OH(CF5)2 (22) liquid

3.33 s(sh); 3.36 w; 3.44 w; 4.12 w(br); 4.67 w; 6.49 w;
©6.82 m; 7.69 vs(br); 8.29 vs(br); 8.91 m; 9.26 s(sh);

9.42 s; 9.55 s3 10.03 w(sh); 10.35 s; 9.66 w(sh); 10.93 w;
1111 w3 11.89 535 12.38 535 12.66 s; 13.46 m; 14.08 vs;
14.37 m; 14.66 m; 14.99 m(sh); and 15.65 m. |

1,3-Bis(ITl-bistrifluoromethylamino-oxy)-2,3,3-trichloro-

propane (CF5)2N00H2CH0100120N(CF3)2 (23) liquid

3.34 w(sh); 3.37 m; 3.44 w; 4.12 w(br); 4.67 w; 6.83 m;

6.86 w(sh); 6.96 m; 7.20 m; 7.66 vs(br); 7.97 vs(br);

8.29 vs(br); 8.60 s; 9.01 m(sh); 9.35 s(br); 9.52 s(sh);
9.68 83 10.31 vs; 11.36 m(sh); 12.06 s(sh); 12.24 s; 12,77 m;
12.29 m; 13,42 m; and 13.99 vs.

1-Ni-Bistriiluoromethylamino-3-(NN-bistrifluoromethylamino-

oxy)-2,3,3-trichloropropane

(CF3)2NCH20H0100120N(CF3)2 (29) liquid

3.31 Ww; 3.35 w3 6.85 m; 7.28 vs; 7.46 vs(br); 7.63 vs;

7.96 vs; 8.33 vs(br); 8.53 vs(br); 8.97 vs(br); 9.43 m(sh);
9.57 s(sh); 9.71 s; 10.0 s; 10.38 s(br); 10.82 m; 11.90 m;

12.35 m; 12.63 m; 13.25 m; 14.04 vs; 14.49 m; 14.93 m; and

15.58 m.
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1-NN-Bistrifluoromethylamino-3-(iN-bistrifluoromethylamino-

oxy)-2-methyl-2,%,3-trichloropropane

(CF5)2NCH2CMeClCCl2ON(CF3)2 (30) liquid

3.31 Wy 3.34 Wy 3.38 Wy 3,432 wy; 6.8% w; 6.87 w(sh); 7.15 s
7.28 55 7.51 vs; 7.63 vs; 7.99 vs; 8.24 vs; 8.35 vs(sh);
8.47 vs(br); 8.59 vs(sh); 8.98 s; 9.14 s; 9.72 s; 10.0 s;
10.24 s(sh); 10.4 s; 11.01 w; 11.36 w3 11.8% mj; 12.02 m;
12.17 m3; 12.38 m; 12.63 m; 13%.32 w; 14.04 s; 14.29 m; and
14 .64 m,

1-(F¥¥-Bistrifluoromethylamino-oxy)-2-methyl-2-phenylpropane

(CF3 ) lOCH, CMe,Ph (39) liquid

3.23 m3 3.25 m; 3.27 m; 3.36 s; 3.45 m; 5.51 m; 6.25 m;
©.68 m; 6.78 m; 6.91 m(br); 7.15 m; 7.29 s; 7.72 vs(br);
7.94 vs(br); 8.33 vs(br); 8.49 s; 9.52 vs; 9.90 m; 10.37 vs;
10.81 w3 11.81 w; 11.96 w; 12.42 w3 13.16 vs; 14.20 vs; and
14,45 vs.

4-1T1-Bistrifluoromethylamino-t-butylbenzene

(CF3) SlCgH,Clle; (40) liquid

3.28 W3 3.38 S; 3.45 m; 3.48 m; 4.74 Wy 5.24 w; 6.02 W;
6.64 55 €.80 m; €.84 m; 7.19 m; 7.35 vs; 7.46 vs(br);

7.75 vs(br); 8.21 vs; 8.33 s; 8.66 vs(br); 8.93% s; 9.01 s;
9.77 m; 10.22 vs; 10.53 vs, 11.92 s; 12.90 w; 13.30 m;
13.87 s; and 14.25 vs.
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3-Nl{-Bistrifluoromethylamino-t-butylbenzene

(CF5)2NC6H4CMe5 (41) (tentatively identified) liquid

3.25 w(br); 3.38 s; 3.44 w; 3.48 w; 6.24 m; 6.31 W; 6.72 m;
©.80 w; 7.00 m; 7.17 w; 7.45 vs(br); 7.54 vs; 7.78 vs(br);
8.29 s; 8.64 vs(br); 9.17 w; 10.26 vs; 11.17 w3 11.76 m;
12.5 m; 13.7 m; 13.89 vs; and 14.27 nm.

Bis(NH-bistrif1uoromethylamino)-bis(NN-bistrifluoromethzl—

anino-oxy)-t-butylcyclohexene

(mixture of diastereoisomers) liquid

3.36 m; 3.42 w; 3.47 w; 6.76 w; 6.82 w; 7.03 m; 7.49 vs(br);
7.69 vs(br); £.00 vs(br); 8.30 vs(br); 8.50 vs(br); 8.89 s;
9.59 53 9.85 m; 10.07 m; 10.35 s; 10.67 w(sh); 11.11 w;
11.24 w(sh); 11.70 vy 12.29 w; 12.47 w; 13.33 w3 13.57 w;
13.81 m; 14.10 s; 14.33 m; and 14.56 m.,

2-11-Bistrifluoromethylaminochlorobenzene

(CFz)olC.H, Cl (52) (tentatively identified) liquid
3 64

3.25 wy 3.32 w; 5.27 w; 6.08 w; 6.28 w; 6.71 s; 6.85 m;

7.10 m; 7.43 vs(br); 7.87 vs(br); 8.24 vs(br); 8.64 vs(br);
9.01 m; 9.16 s; 9.66 m; 9.82 m; 10.22 vs; 10.38 s; 10.58 s;
12.05 s; 12.27 m; 12.95 m; 13.19 Wy 13.35 w3 13,70 CH 13.91 v;r;
14.12 my 14.49 s; and 14.51w.
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Mixture of bis(ITH-bistrifluoromethylamino)-bis(IN-bistri-

fluoromethylamino-oxy)chlorocyclohexene and 4-NN-bistri-

fluoromethylaminochlorobenzene (tentatively identified)

3.23 w(br); 3.39 w(br); 4.12 w(br); 5.29 w; 6.08 w; 6.25 m;
6.68 s; 6.83 w; 7.03 m; 7.43 vs(br); 7.69 vs(br); 8.00 vs;
8.26 vs(br); 8.65 vs; 8.98 s; 9.07 s(sh); 9.61 s; 9.97 m;
10.22 s; 10.35 s; 10.55 s; 11.24 m; 11.93 m; 12.20 m;

13.40 m; 13.62 S; 13.89 s; 14.10 s; and 14.45 s.

1,1-Dimethyl-2~(NN-bistrifluoromethylamino-oxy)-2-oxoethyl
acetate (CFB)ENOCOCMegoAc (59) liquid

3.22 m3; 3.39 w; 3.45 w; 5.47 s; 5.74 s; 6.79 m; 6.86 m;

6.94 m; 7.03 w(sh); 7.19 m; 7.28 s; 7.63 vs(br); 7.91 vs(br);
8.30 vs(br); 8.60 s; 9.44 s; 9.59 s; 9.79 s; 10.26 vs;

10.88 m; 11.06 m; 11.47 m; 11.76 m; 12.52 m; 13.50 m;

132.79 m(sh); and 14.03 s.

(IT-Bistrifluoromethylamino-oxy)cyclopropane carboxylate

o
CH2CH20HCOON(CF3)2 (64) liquid

3.23 W3 3.30 m; 3.42 w; 5.53 m(br); 6.88 m; 7.02 m; 7.25 s
7.68 vs(br); 7.91 vs(br); 8.30 vs(br); 9.00 m; 9.40 s;

©.59 s3 9.75 s; 10.00 m; 10.30 vs; 11.00 m; 11.26 m; 11.59 m;
12.17 w; 12.44 w; 12.76 m; 13.62 m; and 14.10 s.
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Cyclopropyl-(WN-bistrifluoromethylamino-oxy)rhenylmethane
CH2CH2CHCHPhON(CF3)2 (69) liquid

3.27 m3; 3.29 m; 3.33 s3 3.36 S; 3.44 w; 6.23 w3 6.70 w;
6.90 s; 7.0 m; 7.19 m(br); 7.75 vs(br);.8.13 vs(br);

8.40 vs(br); 9.35 m; 2.79 vs(br); 10.53 vs(br); 11.11 s3

11.60 s; 11.76 m; 12.05 w; 12.66 w; 13.50 s; and 14.60 s.

10-(W-Bistrifluoromethylamino~oxy)-2-pinene

(CF5)2NOCH2b:CHCH2CHCHébHCMe2 (72) liquid

3.29 w; 3.34 s; 3.40 s(br); 3.42 s; 3.46 s(sh); 3.52 m;
6.04 w; 6.81 m; 6.90 W; 6,98 m; 7.21 m; 7.30 m; 7.76 vs(br);
7.95 vs(br); 8.3% vs(br); 8.86 w; 9.23 w; 10.40 vs; 10.80 w;
10.99 w; 11.30 w; 12.22 w(br); 12.53 m; 12.87 w; 14.25 s;
and 15.63 w,

1-(IMN-Bistrifluoromethylamino-oxy)methyl-4-[2' ~(NN-bistri-

fluoromethylanino-oxy)propyl]cyclohex-1-ene

(OF5)2NOCH2é:CHCH20H[CMeEON(CFB)é]CHzéHa (73) liquid

3.33 m(sh); 3.38 s; 3.45 m(sh); 5.91 w; 6.02 w; 6.78 w;

6.84 m; 6.88 m(sh); 7.18 m; 7.27 s; 7.34 s; 7.69 vs(br);

7.95 vs(br); 8.32 vs(br); 8.98 m; 9.19 m; 9.42 s(sh); 9.62 s;
10.34 s5; 10.76 m; 11.14 w; 11.59 w; 11.96 w; 12.41 m; and
14.22 s,
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2-3x0-10-bis(NN-bistrifluoromethylamino-oxy)pinane

(CFB)ENOCHgbON(CF5)20H2CH20HCH2bHCMe2 (742) liquid

3.39 m(sh); 3.43 m; 3.48 m; 6.74 m; 6.80 m; 7.18 m; 7.69 vs;
7.97 vs(br); 8.30 vs(br); 8.90 m; 9.21 m; 9.48 s; 9.57 s(sh);
9.98 w(sh); 10.37 s; 10.73 w; 11.3%6 w; 11.90 m; 12.05 m(sh);
and 14.24 m.

2-Endo-10-bis(N¥-bistrifluoromethylamino-oxy)pinane

(CF5)ENOCHzéON(CF5)2CH20H20HCH2bHCMe2 (74b) l?quid

3.36 m(sh); 3 41 .m(sh); 3.44 m; 3.49 m; 6.76 m(sh); 6.83 m;
©.92 w(sh); 7.20 m; 7.31 m; 7.72 vs(br); 7.96 vs(br);

8.3% vs(br); 8.98 m; 9.18 m; 9.50 s(br); 9.83 m; 10.42 s;
10.70 m(sh); 11.63 w; 12.20 m(br); and 14.29 m.

3-(WN-Bistrifluoromethylamino-oxy)-2(10)-pinene

CH2:bCHON(CF5)2CH2 HCH,CHCle, (78) liquid
(nixture of diastereoisomers)

3.25 w; 5.56 s3 3.41 s; 3.48 m; 5.49 w(br); 6.08 m; 6.81 m;
6.88 m; 6.96 m; 7.08 m; 7.22 m; 7.30 m; 7.41 m; 7.70 vs(br);
7.97 vs(br); 8.33% vs(br); 8.73 s; 9.01 m; 9.24 m; 9.35 m;
9.48 m; 9.64 s; 9.76 s; 10.0 w; 10.36 s; 10.60 m; 10.95 s;
11.26 w; 11.45 wy 11.60 m; 11.90 w; 12.18 m; 12.42 wy

12.85 my; 14.08 s; 14.33 my; and 14.51 m.
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2,3-Bis(Nl-bistrifluoromethylamino-oxy)pinane .
(CF5)2NObMeCHON(CF5)2CH2CHCH2éHCMe2 (79) liquid

(mixture of diastereoisomers)

3.3% 85 3.40 55 3.47 m; 4.76 w; 6.78 m; 6.85 m(br); 7.16 m;
7.25 m; 7.30 m; 7.72 vs(br); 8.02 vs(br); 8.34 vs(br);.
8.98 m; 9.23 s; 9.45 s; 9.60 s; 10.09 m; 10.42 s; 10.75 m;
11.43 wy 11.75 m3 12.21 m; 13,12 w; 13.50 w; and 14.26 s.

A mixture of 10-(WN-bistrifluoromethylamino-oxy)-2-pinene (72)

and 10-Kl-bistrifluoromethylamino-2-pinene

(CFa)éNCHgé:CHCH20HCH26H9Me2 (81) liguid

3.29 w(sh); 3.33 m; 3.38 s; 3.42 s; 3.45 m(sh); 3.52 m;
6.05 w; 6.82 m(sh); 6.87 m; 6.99 m; 7.27 vs(br); 7.52 vs(br);
7.72 vs(br); 7.94 vs(br); 8.26 v (br); 8.62 vs(br);

8.85 s(sh); 2.711 m; 9.44 m; 9.62 m; 9.90 vs; 10.34 s;
10.89 mj; 11.24 m; 12.12 w; 12.48 w; 12.77 w; 14.06 s; and
14.41 s,
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2-Exo-3-endo-bis(NN-bistrifluoromethylamino-oxy)norborn-

S—ene (CF5)ZNoéHCHON(CF5)2CHCH:CHéHgH2 (89) liguid

3.25 wW; 3.33 m; 3.38 m; 3.47 w; 4.13 w(br); 4.68 w; 6.10 w;
6.33 W3 6.49 w; 6.86 m; 7.32 m(sh); 7.41 s(sh); 7.70 vs(br);
8.00 vs(br); 8.31 vs(br); 8.89 s; 9.02 m; 9.51 s(sh); 9.61 s;
9.92 m; 10.10 m(sh); 10.35 s; 10.40 s(sh); 10.88 m; 11.07 m;
M43 Wy 11.71 w3 11.90 w; 12.29 m(sh); 12.41 m; 12.90 m;
13.25 w3 13.77 s; 14.08 s; 14.84 m; and 15.60 m.

2—Exo—5—exonbis(NN-bistrifluoromethylamino—oxy)norborn—E-ene

(CFB)enoéHCHON(CFB)2€HCH:cH?JHCH2 (90) liquid

.25 w; 3.32 m; 3.26 m; 3.38 m; 3.47 w; 4.12 w(br); 4.68 w;
5.97 w3 6.12 W; 6.33 W; 6.50 W; 6.59 w; 6.89 m; 7.08 w;

7.38 s3 7.43 s5; 7.72 vs(br); 8.00 vs(br); 8.32 vs(br);

8.79 m; 8.94 m; 9.08 m; 9.48 vs; 9.63 s(sh); 9.98 m; 10.14 s;
10.34 s; 10.41 s(sh); 10.64 m; 11,0 m; 11.48 w; 11.85 w;

12.41 n; 12,63 m; 12.84 m; 13.59 s; 13.97 s; 14.10 s; and
15.58 m.

3-(IM7-Bistrifluoromethylamino-oxy)cyclo-octa-1,5-diene

- ) T L . .
(CF5)2NOCHCH:CHCH20H2CH:CHCH2 (99) liquid
(tentatively identified)

3.33 m3 3.41 m; 3.47 m; 4.19 w; 6.02 m; 6.71 m; 6.97 m;
7.09 m; 7.77 vs(br); 7.98 vs(br); 8.33 vs(br); 9.03 m; 9.29 m;

9.63 553 9.99 m; 10.10 m; 10.41 s; 12.45 m; 12.77 m; and
14.16 s.
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Irans-1-NN-bistrifluoromethylamino-2-(IIN-bistrifluoromethyl-

anino-oxy)cyclo-oct-5-ene

(CFB)eNéHCHchECH:CHCHECHébHON(CF3)2 (103a) liquid

3.29 w; 3.38 m(br); 3.46 w; 5.87 w; 6.07 w; 6.71 w(sh);
6.79 m; 6.85 m; 6.9 m(br); 7.47 vs(br); 7.75 vs(br);

7.96 vs(br); 8.30 vs(br); 8.70 vs(br); 9.21 m; 9.40 m;

9.69 s; 9.82 s; 10.0 s;3 10.10 s; 10.26 s; 10.36 vs; 10.49 s;
10.95 w; 11.19 m; 11.38 m; 12.00 W; 12.35 w; 12.50 w;

12.82 w; 13.16 w; 13.29 m; 14.08 vs; 14.22 s; 14,39 m(sh);
and 14.77 m."

Cis-1-Nl-bistrifluoromethylamino-2-(M-bistrifluoromethyl-

amino-oxy)cyclo-oct-5-ene

(CF5)2NéHCHECH20H:CHCHECHZéHON(CF5)2 (103b) liquid

5.31 m3 3.39 m; 3.45 m(sh); 3.48 m; 3.52 w; 5.87 w(br),

6.05 w; 6.72 m; 6.97 s(br); 7.49 vs(br); 7.75 vs(br);

7.96 vs(br); 8.30 vs(br); 8.70 vs(br); 9.05 s(sh); 9.35 s;
2.62 s; 10.05 s; 10.22 s(sh); 10.33 vs; 10.64 s; 10.92 w;
11.39 m3 11.81 w3 11.92 w; 12.18 m; 12.30 m; 12.52 w3 12.82 w;
12.99 w3 13.50 s; 13%3.66 s; 14.03 vs; and 14.49 s,
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3—(Mi-Bistrifluoromethylanino-oxy)cyeclo-oct-1-ene

(CF3) JNOCHCH: CHOH ,CH,CH,CH,CH, (105) liquid

3.30 m; 3.41 s; 3.50 s; 6.06 w; 6.90 m(br); 7.36 m(sh);
7.58 m(sh); 7.76 vs(br); 8.00 vs(br); 8.33 vs(br); 8.55 s;
8.7% m; 8.95 m; 9.21 w; 9.62 vs; 9.87 m; 10.40 vs; 10.53 mg
10.62 m(sh); 11.24 w; 11.57 w; 11.76 w; 12.36 m; 12.80 m;
13.18 s3 13.21 m(sh); 13.59 m; 13.95 s; and 14.12 vs.

1,2-Bis(ITi-bistrifluoromethylamino-oxy)cyclo-octane

(CF3) 2NOCHCchHZCHeQH20H20H2bHODT(CF5)2 (106) liquid

3.41 s; 3.50 m; 6.76 m(sh); 6.81 m; 6.96 m; 7.33 m(sh);
?7.73 vs(br); 8.01 vs(br)§ 8.33 vs(br); 8.9%3 m; 9.60 vs;
10.42 vs; 10.5%3 m; 1M1.24 w; 11.47 w; 11.98 w3 12.17 w;
12.44 w; 13.44 w; and 14.12 vs.

3-(II~-Bistrifluoromethylamino-oxy)~-3-phenylpropene

(CF5)2HOCHFhCH:CH2 (109) liquid

3.24 Wy 3.26 Wy 3.29 w; 3.34 w; 3.42 w(br); 5.13 w(br);

5.32 w; 6.10 w; 6.24 w; 6.70 w; 6.89 m; 7.03 m; 7.06 w(sh);
7.41 m(sh); 7.71 vs(br); 7.97 vs(bxr); 8.33 vs(br); 8.73 m;
2.09 w3 9.31 w; 9.64 m; 2.98 m(sh); 10.17 s; 10.40 vs;

10.66 s; 10.88 m; 11.0 m; 11.53 w; 11.90 w; 12.45 w; 13.12 m;
12.3% m; 14.10 vs; 14.33 vs; and 14.53% m,
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Trans-3-(MI-bistrifluoromethylanino-oxy)-1-phenylpropene

(CF3)2HOCH20H:CHPh (110) liquid

3.2 w3 3.27 Wy 3.29 wi 3.39 w; 3.45 w; 6.04 m(br); 6.26 w;
6.34 w; 6.69 m; 6.82 w; 6.90 m; 7.30 m; 7.72 vs(br);

7.94 vs(br); 8.30 vs(br); 8.56 s(sh); 8.97 m; 9.10 w(sh);
9.35 m; 9.62 s; 10.0 m(sh); 10.18 m(sh); 10.34 vs; 10.71 w;
10.96 w(sh); 11.96 w; 12.38 w; 12.58 w; 13.36 s; 14.08 s;
and 14.45 s.

1,2,3-Tri(-bistrifluoromethylamino-oxy)-3-phenylpropane

(CF5)BNOCHZCHON(CEB)chPhON(CF5)2 (111) liquid

3.26 W; 3.29 w; 3.37 w; 6.22 w; 6.69 w; 6.77 w; 6.86 w;

7.30 m(sh); 7.69 vs(br); 7.97 vs(br); 8.27 vs(br); 9.01 m;
9.26 m(sh); 9.57 s; 10.40 vs; 12.35 m; 12.58 w(sh); 13.04 m;
13.42 m; 14.08 s; and 14.29 m.

1,2,5-Tri(Mi-bistrifluoromethylamino-oxy)nent-3-ene

(CF 5) ,NOCH,CHON ( CF ) 5CH: CHCH,0N(CF5) 5 (115) liquid

3.31 w(sh); 3.34 w(sh); 3.39 m; 3.47 w; 4,12 w(br); 4.68 w;
5.89 w; 5.98 w; 6.24 w; 6.50 w; 6.78 w; 6.86 m; 6.93 w;

7.08 w3 7.27 s; 7.72 vs(br); 7.97 vs(br); 8.33 vs(br);

9.01 m; 9.40 s; 9.57 s; 10,0 m; 10.37 s; 11.44 w(br); 12.36 m;
12.51 w3 and 14.10 vs.
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1-NN-Bistrifluoromethylamino-2-(NK-bistrifluoromethylamino-

0Xy )-3-phenylpropane
(CF3)2N0H2CHON(CF3)2CH2Ph (121) liquid

3.22 w(sh); 3.24 w; 3.25 w; 3.29 m; 3.32 w; 3.36 w; 3.40 w;
5.48 w3 6.22 w; 6,30 W; 6.68 m; 6.90 m; 7.22 vs; 7.52 vs(br);
7.68 vs(br); 7.97 vs(br); 8.23 vs(br); 8.58 vs(br);

9.01 vs(br); 9.52 s; 10.34 vs; 10.50 vs; 10.91 m; 11.43 w3
11.88 w; 12.25 w3 13.30 s; 14.04 vs; and 14.25 vs.

1-MmT-Bistrifluoromethylamino-2-(Nil1-bistrifluoromethylamino-

oxy )pent-4-ene

(CF5)2NCH2CHON(CF5)2CH20H:CH2 (122) liquid

3.24 m5 3.31 w(sh); 3.35 m; 3.39 w(sh); 3.42 w; 4.13 w;
4.67 w; 5.39 w(br); 5.37 w(br); 6.09 m; 6.49 w(br); 6.58 W
6.93 m(sh); 6.99 m(sh); 7.04 m; 7.25 vs; 7.43 vs(br);

7.55 vs(br); 7.69 vs(br); 8.00 vs(br); 8.29 vs(br);

8.57 vs(br); 9.09 s(br); 9.54 s(br) 10.08 s; 10.37 vs;
10.53 s; 10.75 s; 11.40 w; 11.88 m; 12.27 m; 12.52 w(sh);
12.46 m; 14.08 vs; and 14.33 s,



APPENDIX B
N.I.R. SPECTRA

The 1H n.m.r. spectra are recorded in p.p.m. relative
to an external T.M.S. reference at 0.0 p.p.m., except where
stated. The 19F n.m.r. spectra are recorded in p.p.nm.
relative to an external CF5SCH,CHBrCH,Br reference, except
where stated.

(s= singlet,'d= doublet, t= triplet, q= quartet, c= complex,

m= multiplet, b= broad).
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Compound Nucleus| Chen.shift| Multi-| Relative
(p.p.m.) |plicity| intensity
(CF5) NOGH,H, L: O PYAS s
bo-3025 AB
(CF3)2NO e 5
e a . c.~-3.15 AB 2
(ch)gNOCHbHC Iy, o=11Hz
(9) -
O™ la. -7.5 s 2
e. -9.5 bs 1
(CF5) NOCH e B 5 |a.-5.7 s 3
c a
bo‘Zog S
(10)
19F** c. =11.3 s -
(0?5)2NOCMeCHbHcBr e |a. 1435 s 3
: a
b. 3.27 AB 1
(CF ) ,MOCH,,
e’ = d C. 3.4% AB 1
(11) d. 4.14 s 2
gb’c=14Hz
19F*“ e. L2.4 s 1
f. 40.6 s 1

* Spectrum obtained using p-C.H,Cl, reference.
** Spectrum obtained using T.F.A. reference.
*** Spectrum obtained using E-CF201806H4C1/C014 reference.




- 241 -

Conpound Ilucleus| Chem.shift | Multi- |Relative
(p.p.m.) |plicity |intensity
(CF5) ,NOGHeCH, H C1 B |a. 1.22 s 3
f a
b. 3.32 AB 1
(CF5)2N00H2
e a C. 344 AB 1
(17) d. 4.0% s 2
gb,c=12Hz
19%* le. 42.65 5 1
f. 40.8 s 1
CF5
f/:>NOCMeCl ' |a. 1.68 s 3
CF3 ° b. 3.96 AB 1
e . L]
(023)2NOCHbHC
_J_’b,c"'"’IOHZ
(18)
7 4. 30.1 s 2
e. 27.55 1
f. 26.9 o] 1
I p=11Hz
** 1 |
(CF% ), lIOCH,ClTeC1 H a. 1.91 s
c} 2 b2 a 2
(19) b. 4.12 s 2
I'
19F c. 29.1 s -

* Spectrum obtained using E-CF201806H401/C014 reference.
** Spectrum obtained from & mixture of the compound with

2,2-dichloropropane.
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Compound Nucleus| Chem,.shift|{ Multi-| Relative
(p.p.m.) |plicity]| intensity
(CP5) SNOCH, H, ‘m |a. 1.46 s 3
e
b- 5'75 A-B 1
(CF5) NOCPrlMe
£ d a c. 4.01 AB 1
(20) d. 6.94 n 5
gb’c=1OHz
9%  |e. 29.65 s 1
f. 27.4 c 1
(CP3) NOCHCC1 5 5° |a. ca.s.? c -
C a
| (CF,).NOCH
p22 g2 9 |bv. 28.15 s 1
(22) c. 26.7 bs 1
(CF5)5NOCC1,CHCL v |a,0. 4.3 c 2
e C
N c. 4.68 ad 1
CF.).NOCH H
9
D _
(23) g’_b’c—2Hz
% |a. 20.5 s 1
e. 25.4 s 1

* 3

pectrum ovbtained using internal T.I.S.

reference in 0014.
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Compound Nucleus|Chem.shift{ Multi- Relative‘
(p.p.m.) |plicity|intensity
* 1
(Cga)zNOCHbHc H a. 1.74 s 3
b. 4.33 AB
(CF3) 5NOCHeCCL,
e a C. 4.47 AB 1
(24) Ip o =11HZ
9
9% la. 29.4 8 1
e. 26.6 c 1
T ok
(CF3) JNOCCL,CieC1 g a. 1.82 s 3
e a
(cr.s . 4.54 AB 1
CF. )..NOCH, H
a° 2NOCHH, Co 4.62 AB 1
(25) Iy, o =11Hz
9
%%  la. 29.4 s 1
e. 24.9 s 1
(CF5) ,N0CH1eCH 01 T a. 1.75 s
c a b
b. 3.96 s
)
(Cgs)2L00012
(26) 19 c. 26.65 s 1
d. 24.9 s 1

Spectrum obtained from a mixture of the

two compounds.
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Compound Nucleus|Chem.shift| Multi- |[Relative
(p.p.m.) |plicity |intensity
(CF3) NOCC1,CH,C1 ‘g la. 3.58 ABd 1
a
ory b. 4.05 ABd 1
CF CH_H
o> 2Ny C. 4.37 dd 1
(29) I, p=16Hz
ga,c=ﬂOHz
g-b,c=2HZ
9% la. 25.4 s 1
e. 18.6 s 1
(CF3),l10CC1,(HeCl 7 la. 1.81 s 3
C la
CF. ).NCH
33 of o2
(30) 9 1o, 24.8 s 1
d. 17.1 s 1
(CF5) 5H0CC1 (e g la. 2.02 s
C a
b. 4.10 s 2
CH,C1
b , |
(31) Ve e, 241 -
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Compound Nucleus|Chem.shift| Multi- |Relative
(p.p.m.) |plicity |intensity
| 1
(CFy) sOCH,CPhlle H a. 0.95 s
d3 21 b? c a 2
b. 3.63 s 2
(39)
c. 6.78 m 5
9% la. #1.65- 5 -

a. 0.83 s 9
b. ca. 6.9 AA'BB'
C,
do 1600 S -
a. 0.8% s
b. 6.74 c
c. 7.0 c 2
d.t' ,]600 s -

* Spectrum obtained using E-CF2CISC6H401/0014vreference.
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Compound Nucleus |Chem.shift | Multi- |Relative
(p.p.m.) |plicity |intensity
* 1
(CF ) OCH,CPh Jlle H a. 1.35 s
d5 2N b2 c ég
b. 4.0 s 2
(42)
c. 6.62 [ 10
19** la. -10.0 s -
Cl * 1H a. 6.9 bs -
Ha N(%?5)2
Hg Ha
Ha
(52)
(CF 5 ) ,NOCOCHe ;0CO0Me Ty a. 1.29 s 2
c a b
b. (.69 s 1
(59) ‘
195 c. 28.35 s - -

* 3Spectrum obtained from a mixture

minor unidentified component.

* Spectrum obtained using T.F.A. reference.

of the compound with a
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Compound Nucleus|{Chem.shift| Multi- [Relative
(p.p.m.) Iplicity |[intensity
(CF, ) NOCH.Cle., g {a. 1.13 s 6
372 c2 o 2
b. 1.55 s
OCOMe
b c. 3.96 S 2
(60)
9 la. 29.7 s -
/l
(CF,) NO} crcme H  |a. 1.18 5 6
[ d5 2 2 cla 2
b. 1.55 s 3
OCOule .
b c. 5.21 S 1
(61)
9  la. 28.8 bs -
1. **
H a'—éoll,' d. 4
bc"j- 76 m
ga,b=6Hz
(64) Y9 le. 29.05 s -

* Spectra obtained from a mixture of the two compounds

(ratio ca. 3:1)

** Values obtained are relative to 3—012C6H4 reference.
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Compound Nucleus|Chem.shift | ITulti- |Relative
(p.p.m.) plicity |intensity
Hy H, Tu a.cn-%27 ¢ 4
%
C d %]
H Hb l 00‘4055 d 1
a Hy ON(CT3)5 4. 6.87 n 5
(69) Tp, c=H2
Vg le. 27.75 bs -
CHONCCE;), | M la. o2 | s 5
b. 1.08 | s 3
e
Co. 1.4-2.5 (o] 6
d. 4.11 s 2
c e. 5.37 m 1
(72)
9™ £, 41.73 S -

* Values obtained are relative to p-Cl,C.H, reference.
** Spectrum obtained using ;_)-CF2C'.LSC6H4/CCI4 reference.
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*

Compound Nucleus |[Chem.shift| Multi- | Relative
(p.pem.) |plicity | intensity
CH,ON(CF,) g a. 0.63 s 3
ac g2 -
b. 1.15 bs 3
He Hc c. 1.4=2.4 c 7
Hc
H HC
cHy c e. 5.50 m 1
H
c
MeCMeON(CF, )
372
a b g 19p* 1. #2.2 s 1
(73) g. 41.1 bs 1
** 1H a. 0.44 s 6
g T c. 1.4-2.3] ¢ 12
c d. 4.31 m 1
¢ 4,39 n 1
e. 4.75 [ 2
(78) 4,88 s 2
Y5 £, 27.8 ¢ 1
26 .6 c 1

Spectrum obtained using p_-CF2ClSC6H4Cl/CCl4 reference.

(ratio 1:1).

** Spectrum obtained from a mixture of two diastereoisomers
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Compound Nucleus| Chem.shift | IMulti- |[Relative
(p.p.m.}' plicity |intensity
GH 0N (085, ' |Diastereoisomer 1
a. 0,91 S 3
b. 1.05 s 3
c. 1.2=-2.4 c 8
d. 4.09 m 2
L Diastereoisomer 2
a. 0.84 5 3
(74)
b. 1.13 S 3
C. 1.2=-2.3 c 8
d. 4.05 m 2
19F* Diastereoisomer 1
e. 42.2 s 1
f. 40.5 c 1
19F 'Diastereoisomer 2
'e. 28.9 bs 1
£f. 27.0 c 1
—

* Spectrum obtained using E-CF2CISC6H401/0014 reference.
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Compound Nucleus Chem.shift Multi- |Relative
(p.p.m.) |plicity |intensity

* 1
H a. 0.86 s 3
om(cg5)2 b. 1.18 s 3
OI?(C§5)2 c. 1.38 s 3
He d. 1.5-2.5 c 7
Hy e. 4.56 n 1

Hy
9 |f. 27.8 ¢
g. 26.9 to c 1
27 .1

¥ % /|
H a. 0.61 S 3
b. 1.06 s 3
c. 1.4-2.4| ¢ 6
E d. 3.37 bs 2
| e. 5.23 m 1
(81) Y |r. 18.15 s -

b

* llixture of diestereoisomers
**Spectrum obtained from a mixture of the compound with
10~(ITl-bistrifluoromethylamino-oxy)-2-pinene (72).
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Compound Nucleus|Chem.shift | Multi- |Relative
(p.p.m.) |plicity |intensity
i A
CEEN(C¥3)2 H a. 1.04 s 6
bo 1‘3—201 C 7
! Hy c. 3,44 bs 2
Hy
H Hb d. 5.43 m 1
Wy Hy, '
T ate,oN(CF,), | 1% |e. 26.6 s 1
a &
' f. 18.4 s 1
- (82)
1
CgaN(C§5>2 H a. 0.64 s 3
b. 0.70 s 3
H H
H° c. 0.9-2.0 c 8
H HC
c c d. 3.40 bs 2
H ~ H
¢ H, © e. 5.39 m 1
MeCHMe
a ¢b
(83) Ve iz, 18.4 s -
1
H a. 1.54 S 2
b. 2.79 c 2
c. 3.85 s 1
d. 4.37 bs 1
e. 5.9 m 2
9 £, 29.2 s 1
! g. 29.0 bs 1
{
i ? ;
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Compound Nucleus|Chem.shift| Multi- |Relative
(p.p.m.) |plicity |intensity
a. 1.70 m 2
b. 2.90 bs 2
c. 4.02 s 2
d. 5.806 m 2
e. 28.85 c -
a. 1.7=-2.6 c 6
b. 4.8 m 1
c. 5.3 c 4
d. 28.5 s -
Qo 1-2-206 C hd
b. 3.1-3.7 c -
c. ca. 5.7 c -
d. 14.15 s -

* Spectrum obtained in carbon tetrachloride solution (15%);
sample contaminated with several minor_componeﬁts.
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Compound Nucleus|{Chem.shift | Multi~ |[Relative
(p.pem.) plicity |intensity
, X
H a. 102‘2-5 (] 8
b. ca. 4.0 c 1
c. ca. 4.29 ¢ 1
d. ca. 5.5 c 2
7 le. 27.9 c 6
d. 15.7 s 6
t‘
H ae 1‘5‘2.5 (¢ 8
bc 3.6"'4.5 I C
C. C2. S.4 c
9 |a. 28.0 bs 6
f. 18.7 c
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Compound Nucleus|Chem.shift| Multi- |Relative
(p.pe.m.) |plicity |intensity
1
H a. 1.35 c 6
q b. 1.89 c 4
Hb c. 4.73% c 1
= .
i d. 5.39 n 2
a
9 |e. 28.4 ¢ -
1
! H a. 1.39 c 8
§ H b. 1.75 c 4
H
! c. 4.06 c 1
Moy ' Hy d. 4.18 c 1
gcgggwo N(C§5)2
! 9% |e. 28.55 s 1
5 (106) £. 28.25 bs
(CF, ) .NOCH, Ph g a. #.60 c , 1
; 65 2N bd Hb |
| \\ d/ b, 4.75 c | 2
C: !
/ \ﬁ c. 5.49 m ‘ 1
HC a .
d. 6.66 c 5
(109)
19F e. 28.0 c -
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Compound Nucleus|Chem.shift | Multi~ |[Relative
(p.p.m.) |plicity |intensity
(CE5 ) NOGH Iy ' |Diastereoisomer 4
a,b. 3.95 ABA 2
(025)2NOCH° c. 4.46 ¢ 1
(C£5)2N00Hd£h d. 4.89 c 1
e. 6.95 bs 5
(111) 1H* Diastereoisomer 2
a. 3.60 ABc 1
b. 3.99 ABe 1
c. 4.34 c 1
d. 4.85 d 1
e, 6.97 bs 5
Lo ,a=7H2
19F Diastereoisomer 1
f. 30.01 s
g. 28.95 s
h. 28.85 bs
19F* Diastereoisomer 2
f. 29.7 bs 6
g. 28.65 bs 12

* Spectrum obtained in carbon tetrachloride solution (15%).
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Compound Nucleus|Chem.shift| Multi- | Relative
(p.p.m.) |plicity | intensity
(CF5)NOGH, 5 |a. 3.92 d 2
e a c
/ b. 5.44 ABt 1
C:C
/’ \\ c. 5.80 AB 1
Hy gh d. 6.58 bs 5
(110) Ia,p=7H2"
gb’c=15Hz
' 19F e. 29.0 s -
- 1
(CF,)-NOCH,CH:CH H a. %.84 d 2
e3 2N b2 c ¢
( ; be 4.19 c
CF NOCH
£2°2 7 b c. 5.57 m
(€EB>2N°C§2 3, p=5Hz
(115)
Y |4. %0.15 s 1
e. 29.9 s 1
f. 29.2 c 1
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Compound Nucleus |Chem.shift | Multi- | Relative
(p.p.m.) |plicity |intensity
1
H H a. 4.33% t 1
o, (P
I Hy, b. 4.78 c 2
(023)2N00Ha c. 4.92 m 2
H d. 5.37 2
/C:d: < =
Hy Hb ga,d=7Hz
1 .
(025)2NC§2 H a., 2.24 ABRad 1
(CF.)NO N b. 2.76 AB4 1
CHCH_H, P
' i‘3 2N a @ b e cC. 2.86 c 2
(121) d. 3.99 c 1
e. 6.77 c 5
ga’b=14Hz
ga’d=8Hz
gb,d=6Hz
Y5 |r. 28.45 bs 1
g. 18.85 s 1

* Spectrum obtained from a mixture of the compound with
Kli-bistrifluoromethylhydroxylamine (ratio ca. 1:1).
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Compound

Nucleus

Chem.shift
(p.p.m.)

Multi-

plicity

Relative

intensity

CF ) NCH
(G372
(CgB)ENOCHc

CHZCH:CHdH

a- ft e

(122) -

2.10
b. 2.99
3.87
d. 4.7
e. 4.84
f. 5.33
gd’f=6Hz

=

C.

A A A A NN

19F

g. 28.95
hn 1905

bs

S

a. 0.97

b. 3.1-3.9
c. 4.2-4.6
d. 4.6-5.2

e. 507-604

AN A A QY

19

27.5-28.5,
20.1, 16.3-
17.7, 11.2-
11.9.

*Spectrum obtained from a mixture of isomers |where R=

(CF3),M0; R'=(CF3)2N].




APPENDIX C

MASS SPECTRA

In the mass spectral tables presented in Appendix
C, isotopic ions have Been grouped together and the
relative abundance of each ion has been corrected for the
presence of isotopes.

The intensities of isotope peaks of ions containing
chlorine atoms are dependent on the number of chlorine

atoms present in the ion, i.e.

% % % relative to
Number of P (100%)
chlorine atoms P+ 2 P+ & P+ 6
1 32.6
2 65.3 10,6
3 99.8 31.9 3.47

and use hac been made of isotopic distributions in

assigning structures to ions.
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1,2,3-Tri(lll~bistrifluoromethylamino-oxy)-2-methylpropane

BCF3)2NOCH2]2CMe0N(CF5)2 (9) CaoHoF1gN305 (M, 559)
n/e Assignment % Int.| m/e Assignment % Int.
(R") ‘base €3 base
391 '08H7F,|2N202 1.5 | 133 C2F5N 1.9
377 CoHgF M50, 4.8 69 CF3 32.8
223 CgHnFgNO 0.7 58 C3HgO 21.6
222 CeHgFgNO 2.0 57 C3H50 25.0
209 CBHSFGNO 1.9 55 C4H7/05H3O 15.6
182 CzH, FgNO 1241 43 CoHz0 100.0
166 CBH2F6N 1.7 4 03H5 32.6
150 C HF cNO 13.8 28 CoHy, 16.5

1-(NN-Bistrifluoromethylamino-oxy)-2-bromo~2-methylpropane

(CF5)2NOCH20M82Br (10) C6H8BrF6NO

(M, 303,305)

n/e Assignment
(R%)
503,205 M
288,290 CgHSBIFNO
222 C6H6F6NO
182 CBH2F6NO
150 CzHFSNO
135,137 C,HgBr
133 CanN
121,123 CEH6Br
69 CF3

% Int.
‘base

33.7
4,7
3.6
4,1

19.7
1.8
3.6
7.1

38.9

% Int.

Assignment
(rM) base

C3Hg0 40,2
CyyHo/CH 0 26.0
C5H,0/C0, 46 4
CoH30 100.0
CxHg/CoH A0 27.2
C5H5 33.3
CxH 13 .4
CoHg 26.7
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1,2-Bis(Ili-bistrifluoromethylamino-oxy)-3-bromo-2-methylprop-

ane (CFB)ENOCMe(CHaBr)ON(CFB)2 (11) 08H7BrF12N202 (M, 470,472)

m/e Assignment % Int.| m/e Assignment % Int.
¢:3D) base (RY) base
377 CotlcF N0, 3.9 57 C3H50 44,1
302,304  CgHnBrF NO 43.0 55 CyHo 29.1
288,290 CoHgBrF NO 9.7 44 CO,/CAH, 0 15.7
182 CBH2F6NO 3.1 43 02H3O 100.0
150 C2HF5NO 22.5 42 C2H20/03H6 26.7
93,95  CH,Br 3.9 | 41 C3Hg 35.7
fal - 20.5 39 C3Hz 13 .4
69 CFy 28.1 29 Colg 4.7

112-Bis(NN—bistrifluoromethylamino—oxy)-3-chloro—2-methy1prop--

ane (GF;)2NOCHECMe(CH201)ON(CF3)2 (1?7) C8H701F12N202 (M ,426,428)

n/e Assignment % Int.| m/e Assignment % Int.
(rY) base (rY) base
411,413 C7H401F12N202 0.2 57 CBH5O 50.6
577 C7H5F12N202 9.2 55 04H7/C5H50 14.1
258,260 C6H701F6N0 12.0 49,51 CH201 13.7
244,246 G HCIFGNO 16.3 | 44  GH,0 20.4
182 05H2F6N0 15.8 43 C2H30/CBH7 100.0
166 CBH2F6N 11.0 42 CBH6 37.5
150 C2HF5NO 27.8 41 'CBHB 51.5
77,79 G4ECl 10.7 | 39 oy, 16.2
69 CF; 65.6 29 - 36.5
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1,2-Bis(NN-bistrifluoromethylamino-oxy)-2—chloropropane

(CF3)2NOCH2CM301ON(CF5)2 (18) C7H501F12N202 M, 412,414)

m/e Assignment % Int.| m/e Assignment % Int.

(rY) base (RY) base
377 C7H5F,|2N202 1.2 92,94 03H501o 10.2
244, 246 05H501F6NO 19.7 76,78 CBH5CI 71
230,232 C4H301F5N0 6.1 75,77 05H401 2.0
209 CSHSFGNO 161 69 CF5 32.0
182 CBH2F6NO 1.3 43 02H50 100.0
166 C5H2F6N 5.1 41 03H5 16.0
150 CQHF5NO 12.2 28 02H4 85.2
135 - 16.7

1-(MI-bistrifluoromethylamino-oxy)-2,2-dichloropropane

(CF3)NOCH,(MeC1, (19)  CgHgCLFGNO (M, 279,281,283)
m/e Assignment % Int. | m/e Assignment % Int.
(rY) base (RD) base
263,265 C,HC1,FNO 0.7 | 76,78 Cslig0l 10.6
243,245  CgH, CLFGNO 7.0 | 75,77 CzH,C1l 70.8
182 C3HFGNO 0.5 | 69 CF5 90.7
150 CHF SNO 12.5 | 61,63 CHH,CL 56.3
133 CoF N 6.4 | 49,51 CH,CL 17.3
111,113, 4y C0,/C,H,0 36 .4
115 C3HgC1, 77.2 | 43 C,H50 25.2
97,99, 41 C5Hs 13.1
101 CotizCl, 100.0 39 C3H 26.0
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1,2-Bis(NlH-bistrifluoromethylamino-oxy)-2-phenylpropane

(CF3) JNOCH,CPhMEON(CF5), (20) CqzH, o550, Q1, 454)
n/e Assignment % Int.| m/e Assignment % Int.
(rY) base (RY) base
286 Cq4H,oFgNO 43,0 | 115 CoH, 8.7
272 C,oHgFgNO 10.4 | 105 CgHy 71.8
169 C HF NO 1.0 | 103 CgHy 17.8
150 C HHF O 4.1 | 92 Collg 23 .4
133 CgHgO/CF N 4,4 69 CF3 37,4
118 Cotlyg 100.0 43 C3H7/02H30 55.2
117 Colg

1-NN-Bistrifluoromethylamino-3-(NN-bistrifluoromethylamino-

oxy)-2,3,3-trichloropropane (CF3)2N0H20H0100120N(CF3)2

C.7H5015F,l 2N2O (29)

(M, 464,466,468,470)

m/e Assignmént % Int. | m/e Assignment % Int.
(’Y) base (RY) base

263,265 144,146

267 CAH012F6NO 14.3 148 C3H3013 1.0
250,252 130,132

254 05012F6NO 3.6 134 CeHCl5 1.8
226,228 05H501F6N 1.4 109,111

214,216 C4H501F6N 1.8 113 C3H5012 5.1
182 C3H2F6NO 12.7 78,80 C2H3010 38.8
166 05H2F6N 100.0 69 CF3 51.7
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1,2-Bis(NN-bistrifluoromethylamino-oxy)-3,3,3-trichloro-

propane (CF3) NOCH,CH(CCL3)ON(CF5),

(22)

C7H3015Fq2N202 (M, 480, 482, 484, 486)
m/e Assignment % Int.
(") base.
363 CgHzF 4 2N505 7.0
312,314,316 C5H5015F6NO 0.5
276,278, 280 CgH,C1,FNO 2.6
216,218 CHCLFGNO 14,9
195 YC4H3F6NO 1.1
182 C;H2F6NO 100.0
168 C2F6NO 7.0
144,146 , 148,150 C5H3015 1%.0
131,133 ,135,137 CoH 01y 31.1
130,132,134 CoHC1, 17.8
117,119,121,123 0013 8.3
109,111,113 05H3012 55.0
95,97,99 CoHCL, 30.7
8%,85,87 CHC1, 18,2
69 CFs5 72.8
63,65 - 14.2
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1,3-Bis(NN-bistrifluoromethylamino-oxy)-2,3,3~trichloro—

propane (CF3),NOCH,CHCICCLON(CF3), (23)
(M, 480, 482, 484, 486)

C. H,Cl

HzC13F 45N 505

m/e Assignment % Int.
. | (RY) base

445,447 CrtizC1Fq 5N ,0, 1.0
409,411 CoH,C1F, N0, 1.9
312,314,316,318 ' CgHzC1;FgNO 39.4
276,278 CgHoCl,FNO 4.0
250,252,254 C5CL FGNO 18.9
230,232 C4H3C1FNO 3.9
216,218 C5HC1FNO 17.3
182 C5HFNO 57.9
168 C,FNO 12..4
150 G_HF gNO 16.3
144 146,148,150 CzHzClz 19.8
121,132,135,137 02H2015 20.1

130,132,134 CoHC1, 12.5
125,127,129 C3H5C150 29.8
95,97,99 CoHCL, 53,3
8%,85,87 CHC1, 31.1

77,79 C,HC10 15.3
69 CF3 100.0
63,65,67 cclo 35.3
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ca. 2:1 lMixture of 1,2-bis(iN-bistrifluoromethylamino-oxy)-

2-methyl-3,%,3-trichloropropane (CF5)2NOCH2CMe(0015)ON(CF5)2

(24), and 1,3-bis(Wl-bistrifluoromethylamino-oxy)-2-methyl-

2,3,3=trichloropropane (CFB)21\TOCH2CMe0100120N(CF5)2 (25),

08H5015F12N202 (11, 494, 496, 498, 500)
m/e Assignment % Int.
(™) base

459,461,463 08H5C12F12N202 8.9
377 C7H5F12N202' 5.2
326,3%28,%30,332 C6H5015F6N0 26.3
312,214,316 C5tizC15FgNO 10.3
291,293,295 C6H5012F6NO 2.3
220,292,294 CelHy C1 P NO 37 4
250,252 03012F6N0 1.9
244,246 .CSHBCIFGNO 5.9
216,218 CBHClF6NO 99.1
209 ‘C5H5F6NO 1.5
182 05H2F6N0 85.0
158,160,162,164 C4H501; 35.2
144,146 ,148,150 C3H3C13 27 .6
123,125,127 C4H5012 50.0
117,119,121,123 CCly 1.2
109,111,113 C3HzC1, 25.9
69 CFz 78.9
43 02H30 100.60
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1,2-Bis(MI-bistrifluoromethylamino-oxy)-2-methyl-1,1,3~

trichloropropene (CF3),NOCC1,Cle(CH,CL)ON(CE3), (26)
(tentatively identified) 08H5013F,]2N2O2 1, 494,496,498,500)

m/e Assignment % Int.
(R+) base
459,461 - C8H5012F,|2N202 0.3
458,460,462 CgHyCLF NS0, 4.6
445,447 C7H3012F12N202 0.4
444 446,448 C7H2012F,12N202 6.8
326,%28,330,332 C6H5013F6N0 30.1
307,309,311 C6H5015F5N0/C6H5012F6N02 3.0
291,293,295 C6H5012F6NO 8.9
290,292,294 CgHy CL FNO 2.7
277,279,281 CHzCL FNO 7.0
250,252 ,05012F6NO 1.6
244 246 05H501F6N0 6.2
216,218 C3HC1F NO 8.2
158,160,162,164 C,HsC1s 37.2
123,125,127 C4H5012 22.1
111,113,115 C3HsCl, 25.5
69 CF 33.5
49,51 CH201 8.5

43 C2H30 100.0
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1-Nli-Bistrifluoromethylamino-3-(NK-bistrifluoromethylamino-

oxy)-2-methyl-2,3,3-trichloropropane (M, 478,480,482,484)

(CFB)2NCH20M60100120N(0F5)2 (30) C8H5015F12N20

m/e Assignment % Int.
(rY) base
277,279,281 05H5012F6NO 14 .4
275,277,279 C6H5012F6N 0.1
260,262 05H2012F6N 0.5
228,230 C5H501F6N 6.1
182 C3H2F6NO 12.9
166 C3H2F6N 100.0
158,160,162, 164 C4H5C1y 5.4
144,146 ,148,150 C5H3013 3.1
133 C2F5N 5.6
123,125,127 C4H5CL, 2.6
111,113,115 C3HgCly o
99 - 12.4
97 - 24 .4
o5 - 14.8
90,92 C5Hz0CL- 17,4
78 C2H2F2N 28.8
69  CF, 54,8
43 C2H50 8.3
41 03H5 4.8
39 03H5 71
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1-(IM-Bistrifluoronethylanino-oxy)-2-methyl-1,1,2,3-tetra—-

chloropropane (CF5)2NOCClszeClCH201 (31) C6H5C14F6NO

(tentatively identified)

(iZ, 361,365,3€5,367)

n/e Assignment % Int.
(") base
326,328,33%0,332 CEH5C15F NO 100.0
312,314 C5HzCl3FNO 2.2
290,292,294 CgH,CL, F NO 25.9
250,252 C3C1,FENO 2.1
216,218 CzHCLFNO 8.0
193,195,197,199 CyH5CLy 39.4
158,160,162 C,H5C1s 29.2
157,159,161 C4H4013 50.3
150 CHF cNO 5.7
144,146 ,148,150 CzH3C1x 25.5
12%,125 C4H5C]-2 18.6
111,113,115 051{5012 YA
69 CF5 37.9
49,51 CH2C]. 17«6
41 Gyl 9.3
39 22.2

C3lz
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1—(HH—Bistrif1uoromethy1amino-oxy)-2—methy1—2-phenylpropane

(CF3)2N00H2CMe2Ph (39) Cq2H15F6NO (11, 301)
m/e Assignment % Int.| m/e Assignment % Int.

(rH) base (rY) base
501 M 1.0 91 C7H7 13.1
169 CHFNO 6.5 | 88 CF, 17 4
150 C2HF5NO 6.0 81 C5H5O 12.7
149 C10H430 0.7 77 Cells 1.3
123 C2F5N/C,IOH15 2.8 69 CF5 100.0
119 Cofiqq 20.7 | 58 C3HgO 14.6
118 09H10 1.2 31 CF 1.4
117 09H9 1.0

HIT-Bistrifluoromethylaminochlorobenzene (CF5)2N06H401 (52)

CgH, C1F N M, 263, 265)
m/e Assignment % Int. | mn/e Assignment % Int.
(rY) base (") base

263,265 M 75.5 77 C6H5/05H401 17.2
U4, 246 CBH401F5N 16.2 75 C6H5/05H4Cl 15.5
228 CgH,FcN 0.1 69 CF5 100.0
194,196 Coll, C1F N 29.4 63 CoHy 12.6
175,177 Co, C1F N 29.9 51 CyH 12.2
159 Cotl, F 5N 23.6 50 04H2_ 20.0
112,114 C6H501 38,2 39 " CyHyg 7.1
111,113 CH,C1 14,7 28 CoM,, 33,3

99,101 CgH,CL | 7.5
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RNlT-bistrifluoromethylamino-t-butylbenzene

(CF5)2N06H4CM63 Cq2H13F6N (11, 285)
n/e Assignment % Iﬁt.
(r") base
3-isomer  4-isomer
41) (40)

285 u 35.2 24,1
270 011H10F6N 100.0 100.0
266 CqoHq3F N 11.9 2.5
242 09H6F6N 59.5 50.7
133 C2F5N/quH13 5.1 2.9
118 C9H10 1.5 0.7
117 OoHg 4,4 3.2
116 C9H8 2.9 2.0
115 09H7 6.6 4.6
109 C7H6F 7.0 3,4
91 C7H7 7.4 5.0
77 06H5 7.3 5.6
69 CF3 15.0 9.6
57 C4H9 4,2 4.4
41 05H5 58.1 S54.4
39 C3H§ 10.2 71

28 CoH, 73.2 4.3
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Bis(NN-bistrifluoromethylamino)-bis(MNil-bistrifluoromethyl~

amino-oxy)-t-butyleyclohexene CagH44F 249,05 M, 774)
m/e Assignment % Int.,.
(RY) base
622 CagH 4T 1gN505 0.4
607 0{5H14F18N302 0.3
606 Cq5H4oF 18N 300/ CgH 4 F1gN 30 2.1
454 CquH 44 F 40N 50 6.3
45% CyyHqzFq N0 1.0
439 CzH1F 4N 0 1.6
438 CazHa0F12N20/C 45047 1 2N 7.6
437 CqyHyzF 0N, 1.0
423 C3H 4F 405 6.4
318 Cq oH 44 F GO, 2.9
302 Cq ot 44 FgNO 2.0
286 012H14F6N 5.5
235 Cy ol 5F N 2.4
270 CaqH4oFeN 6.7
166 C3H, PN 24,6
134 Caoflia 2.8
133 010H45/02F5N 4,2
69 CF3 55.9
57 CyHg « 100.0
41 C§H5 26.0
28 CH, 69 .4
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Mixture of bis(I-bistrifluoromethylamino )-bisz(IV-bistri-

fluoromethylamino-oxy)chlorocyclohexene (57) Cyyl

T, 752,754) and IT-bistrifluoromethylaninochlorobenzene

CglyClF N (i1, 263,265) (tentatively identified)

m/e Assignment % Int.
(R") base
600 C4HgC1F1gN30, 0.1
584,586 C4 SHgCLF 1 gN50 2.1
432,454 CaotgCLF N0 3.9
416,418 CqoHCLE 1 N, 24.9
397 CoHgF4 N0 2.6
381 CoHsF 205 1.6
296,298 CgHgCLFGNO, 1.0
280,282 CgHgC1FNO 11.2
279,281 CgH, C1FNO 4.8
264,266 CgHgC PN 10.7
263,265 CgH,C1F N 3.9
244, 246 CgH,C1PN 7.9
194,196 CrH, C1F,N 4,0
166 C5H FN 14.8
150 C HFcNO 11.9
133 CoF N 3.9
112,114 CeHsCl 15.0
111,113 CeH,CL 55
69 100.0

CF5
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1,1-Dimethyl-2-(N-bistrifluoromethylamino-oxy)-2-oxoethyl

acetate (CF3) NOCOCHe, 04c (59) CgHGFENO, a1, 297)
m/e Assignmment % Int.| m/e Assignment. % Int.
(RY) base (rRH) base
282 C7H6F6NO4 0.1 69 CF5 47.0
238 CgHgFeNO, 0.2 59 CoHz0, 38.9
196 C3F6NO2 0.2 58 CoHS0, 14.5
145 CeH0, 2.9 | 44 0, 57.7
133 02F5N 4.6 43 CZHBO 100.0
129 06H903 7.9 42 CoHL0 14 .1
14 C5H605/02F4N 3.3 41 CBHS 16.1
101 05H902 35.0
iT'-Bistrifluoromethylamino-oxycyclopropane carboxylate
C \ 4
JH20H2CHCOOH(CF5)2 (e4) C6H5F6N02 M, 237)
m/e Assignment % Int. | m/e Assignment % Int.
(RM) base (rY) base
218 C6H5F5N02 0.1 68 C,H,0 1.3
169 C HFNO 0.1 55 03H30 2.2
166 03H2E6N 0.2 44 CO, 3.3
150 C HF gNO 0.2 | 41 C3Hg/CoHO 51.8
133 C2F5N 0.5 40 03H4 7.4
69 CF3/04H50 100.0 29 CEHB/CHO 5.4
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ca. 2.6:1 Mixture of 1,1-dimethyl-z-(Hﬂ—bistrifluoromethyl—

amino-oxy)ethyl acetate (CF5)2NOCH2CMe20Ac (60) 08H11F6N03

(M, 283) and 1,1-dimethyl-2,2-bis(MI-bistrifluorcnethylamino-

oxy)ethyl acetate BCFB)ENQ]ECHCMeEOAc (61) CyoHq0F12N00,
(1, 405) (tentatively identified). '

m/e Assignment % Int.
(rR") base
268 CoHgFNO3 2.4
224 CgHgFNO 11.1
223 CeHoFgNO 25.9
115 CeHq405 4,7
114 CoF 4 N/CeHa 05 13.3
111 CoHnOo 19.7
101 CsHg0, 33.6
69 . OF3 71.0
59 CoHz0, 23 .4
56 CyHg 34,4
55 CyHy 68.9
44 CO, 50.6
43 CoHz0/C3H, 100.0
42 CoH,0/C3Hg 29.9
4 CxHg S4.3
39 CBH3 40.9
29 CH 5/CHO 52.7

28 02H4/CO 37.6
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Cyclopropyl-(Ili-bistrifluoromethylamino-oxy)vhenylmethane

EEEEEEEHCHPhON(CFB)z (69)  CqH,,FgNO M, 299)
m/e Assignment % Int. | m/e Assignment % Int.
¢:3D) base (rY) base

298 012H10F6NO 0.3 105 08H9/C7H50 10.2
257 09H5F6NO O.4 91 C7H7 50.9
131 010H11 100.0 77 C6H5 15.4
130 ququ 7.3 69 CF3 1.3
129 C10H9 13%.0 51 C4H3 10.9
128 010H8 7.8 44 C2H40 5.4
116 C9H8 12.6 41 03H5 5.2
115 09H7 1.4 29 CBH3 8.4

1-(WH-Bistrifluoromethylamino )methyl-4-[2'-(1N-bistrifluoro-

methylamino--oxy)propyl]lcyclohex-1-ene

(1, 456)

\
(CF3)2NCH26:CHVH20H[bMeEON(CF3)2J0H20H2 (82) 1 H gF N0

m/e Assignment % Int. |m/e Assignment % Int.
(R") base (R") base

288 Ca2tliefel 19.71 93 - 51 4
287 Cq ot Fl 15.5 | 91 - 36.1
246 C9H10F6N 4.1 79 06H7 66 .6
au3 Col oF 5NO 10.3 | 78 CgHg/CoH PN 27.6
232 - 53.7 | 69 CF3z 80.2
210 Q5H6F6NO 22.4 58 03H60 33,5
166 CRH FeN 100.0 | 43 © C3Hn/CoH50 934
126 Cioflie 4.8 | 41 C3Hg 34.1
125 CaoHas 231

121 Colly3 35.6




10-(M-Bistrifluoromethylamino-oxy)-2-pinene
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(CF3) JNOCH,C: CHCH,CHCH,CHCHe , CqoH sFGNO (72) (M, 303)
n/e Assignment % Int.
(R%) base
303 M . 3.3
288 Cq4H4 5FNO 0.4
182 C5H,FNO 1.0
135 Ca0Ha5 37.1
119 CqHaq 10.8
107 CoHO 44,6
105 CeHg 13.7
93 CoHlg 69.4
92 Collg 21.7
91 Cotln 100.0
81 CgHg/CsHi0 17.0
79 Cety 88.2
78 CeHe 11.3
77 CHs 68.9
69 CF5 43,5
67 C5H, 12.3
55 CyHy 25.8
53 C5Hz0 15.8
i‘f, sy o
575 ’
39 18.8

CzHsz
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'1—(NN—Bistrifluoromethylamino-oxy)methyl—4-[2'—(NN-bistri-

fluoromethylamino-oxy)propyl]cyclohex-ﬂ-ene

CagHlagF 10N>
{
(CFB)ZNocngc:CHCchH[?MeEON(CFB)é]CHébﬂz (73) (U, 472)

0,

% Int.

n/e Assignment % Int. | m/e Assignment
(Y base (rY) base

471 014H15F42N202 0.1 107 08H11 14.0
504 C4oHAgFeNO 0.7 | 105 08H9/C7H70 14.3
303 012H15F6NO 1.2 93 C7H9 15.2
302 C1oH44FgNO 7.8 92 Collg 13.5
290 ChqHq4FgNO 1.9 91 C7H7 53.8
262 CqH 4 oFlNO 1.1 81 CeHn 14,2
210 05H6F6NO 8.4 79 06H5 17.0
182 C5H2F6NO 0.2 69 CF3 100.0
150 CEHFSNO 15.4 58 C3H6O 2.9
136 Ciotie 2.6 55 03H3O/C4H7 12.3
135 010H15 11.0 43 C5H7/02H30 79.5
134 CroHay 19.9 | 41 C3Hg 25.9
133 quan/C2F5N 14,6 39 C5H3 13.6
119 Cof'g 25.0
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2(10)-Bis(NN-bistrifluoromethylamino-oxy)pinane

(1, 472)

(CF3)2NOéH2CON(CF5)2CH20H2€HCH2bH?Me2 (74) C14H16F12N202

m/e Assignment % Inte.
(rY) base
Diastereo-  Diastereo-
isoner (1) isomer (2)
472 M 0.1 -
471 014H,|5F,|2N202 1¢5 0.5
417 € oHaF1N50, 1.3 1.2
320 CqoH1gFNO, 0.9 0.3
204 012H16F6N0 23.0 21.9
290 011H14F6NO 5.7 5.3
248 08H8F6NO 27.2 21f7
182 03H2F6NO 1.5 1.2
136 CioH16 35.9 30.8
135 quH15 32.5 31.4
95 CrH4/CgHr0 39.0 17.1
93 C7H9 26.3 24 .4
83 C6H41/C5H7O 22,6 21.4
81 C6H9/05H5O 18.2 16.0
80 C6H8 23.4 18 .1
79 CHy 26 .4 19.9
69 CF; 100.0 100.0
67 C5H7/C4H30 - 22.0 19.3
55 C,Ho 28.6 27.0
43 CBH7/02H30 53.8 42,1
41 40.6 39.7

C3ig
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3-(NK§-Bistrifluoromethylamino-oxy)-2(10)-pinene *

CH,,: GCHON(CF ) ,CH ,CHCH,CHCMe , (78) Cool sFENO (i, 303)

m/e Assignment % Int. | m/e Assignment % Int.
(rY) base (RH) base
135 010H15 37 .1 69 CF; 100.0
107 C8H1q/C7H7O 33.1 57 C3H5O 20,1
93 C7H9/06H5O 922.4 55 CBH30/04H7 19.9
92 Colg 17.8 53 CyHg 20.1
i Coll 49.0 | 43 CoH30/C3H, 60.
81 C6H9 17.3 4 C3H5 90.7
79 Cetln 72,1 | 39 C5Hs 28.4
77 C6H5 34.8 29 CEHS/CHO 15.0
2,3-Bis(NN-bistrifluoromethylamino-oxy)pinane * 1, 472)

CH5éON(CF5)2CHON(CF5)2CH2 HCH2éH te, (79

) CqyflagFa N0,

m/e Assignment % Int. | m/e Assignment % Int.
(rY) base (RY) base
304 C12H16F6NO 4.4 83' C5H7O 38.7
250 C8H40F6NO 30.7 82 C5H60 1%.0
136 C1OH16 34,5 81 C6H9/05H50 13 .1
135 010H15 38.0 80 06H8 19.5
109 C7H90 10.8 69 CF3 100.0
107 CgHaq 4,5 | 55 CyyHo/C SH0 22.5
93 CrHg/CgH g0 9.6 | 43 CoH50/C3Ho, 9.4
91 C7H7 11.9 41 C5H5 32.3

* Mixture ¢f diastereoisomers.



A mixture of 10-NN-bistrifluoromethylamino-2-pinene
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(CF3)2NCH2b:CHCHeCHCHacHGMea (81) 012H45F6N (M19 287) and

10-(ITT-bistrifluoromethylamino-oxy )-2-pinene

f .
(CF3)2NOCH2C:CHCHggHCHgCHYMez (72) 012H15F6NO (Ma, 303) .

n/e Assignment % Int.
(R+). base
303 My 0.2
288 CqH4oFgNO 0.5
287 M, 2.8
272 011H12F6N 2.8
243 C9H10F5NO 23,2
166 CBHZFGN 100.0
135 10845 10.1
107 C7H7O 18.4
105 C7H50 17.7
93 06H5O 49,5
91 C7H7 90.2
79 CeHo 67.0,
78 Celg 49.8
69 CF5 48.9
43 03H7/02H50 48.3
41 05H5 59.2
29 03H3 35.5
28 CoH, 42.0
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1-(WN-Bistrifluoromethylamino )methyl-4-isopropylcyclohex~

1-ene (CF;),NCH,C: CHCH,CH(CHIe,)CH,CH, (83) CqoH nFeN (1,289)

m/e Assignment % Int.
®Y) base
289 M 14.0
274 011H14F6N 2.5
166 CBH2F6N 920.7
137 010H17 12.6
136 010H16 18.4
123 09H15 81.7
121 09H13 21.6
95 C7H11/C6H7O 21.9
93 C7H9/06H50 99.8
91 C7H7 38.6
81 .C6H9/C5H50 68.2
79 C6H7 75.2
78 C6H6/C2H2F2N 38.6
77 C6H5 33.7
69 CF5 95.5
68 C5H8 32.9
67 C5H7 100.0
43 05H7/02H30 49.0
44 64.9

03H5
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2-Bxo-3-exo-bis(WN-bistrifluoromethylamino-oxy)norborn-5-ene

(c) (90), and the corresponding 2-exo-3-endo-isomer (B) (89)

! 1
(CF3)2NOCHCHON(CF5)2QHCH:CHCHCH2 C1ﬂH8F12N202 (M, 428)

n/e Assignment : % Int.
(R+) base

(C) (B)

127 G HoF N0, 0.1 -
402 CoHeF 20, 0.9 -
260 CoHgFENO 5,2 1.0
182 C5HoBGNO 2.8 0.1
166 CH BN 3.9 0.3
150 CHF SN0 5.9 0.2
108 - CoHgO 24,7 12.4
107 G0 7.3 3.6
92 C g 9.7 2.6
9 CoHyy 14.5 3.4
80 CoH,0 10.7 5.7
79 CeHo 48.5 .
78 Celg 5.2 1.1
77 Celis 30.6 6.6
69 CF 27.1 6.3
66 CoHg 100.0  100.0
65 CoHs 7.7 4o
55 C5H0 5.7 0.4
41 C5Hs 9.9 3.0
39 C5Hs 9.8 4.4

28 CoH, 30.6 4.8
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Isomers (D and E) of 2-ex0-6-bis(NN-bistrifluoromethylamnino-

oxy)nortricyclane (CF.) NOéHGHCHbHCHON(CF ) CHCH (91) and
372 I 3/2 2

(92) C, HgF,,5N50, (a1, 428)
n/e Assignment % Int.
(RY) base
(D) (E)
260 C9H8F6NO 351 33.5
166 03H2F6N 7.8 6.6
150 C HF SN0 3.6 2.7
110 - 12.6 0.4
108 C7H80 50.0 83.8
107 C7H7O 14.4 17.2
93 C6H50 8.5 2.2
92 C7H8 16.2 20.5
91 C.-'7H.7 32.5 29.1
81 C5H5O 1.5 8.1
80 CSHAO 18.1 20.6
79 C6H7 100.0 100.0
78 CeHg 10.8 8.5
77 Cells 55.1 43.7
69 CF3 43,3 17.5
67 C,H50 18.5 4.7
66 CoHg 92.6 28.5
41 C3H5 9.4 4.4
39 C5H5 12.9 10.9

28 CoH,, - 49.1




- 285 -~

Mixture of isomers of 2-exo0-3,5,6-tetrakis(NN-bistrifluoro-

methylamino-oxy)norbornane (93) (11, 764)

(07 5) QNOCHCHON (CF 5 ) 5,@HCHCH (CF 5 ) ;CHON(CF 5 ) ;CHCH, C, sHgF 5, N,,0,

n/e Assignment | % Int. | m/e Assignment % Int.

(&Y base* (") base*
596 C,|3H8F18N305 5.8 96 - 30.6
595 C3HoF 1 gN505 40.5 95 - 71.0
428 011H8F12N202 1.7 o4 C6H60 37.5
427 C,],lH7F,|2N202 4.2 93 CGHSO 23.2
349 - 22.5 92 C7H8 21.5
276 CoHgFNO, 19.0 | 82 CoHgO 49.5
275 09H7F6N02 18.6 81 05H5O 61.7
260 09H8F6NO 33.5 80 C5H4O 29.1
259 CoHnTGNO 65.6 79 CeHo 83.6
247 08H7F6NO- 11.0 78 06H6 30.9
246 08H6F6NO 28.4 69 CF3 100.0
234 C7H6F6NO 13.4 67 05H7 62.8
150 CzHFsNO 15.3 66 C5H6 52.1
124 C7H8O2 4z.4 55 C5H3O 49.5
123 C7H702 69.7 41 03H5 29.4
108 C7H8O 46.0 28 02H4 7%.2
107 C7H7O 80.3

* Figures quoted for isomér (¥); the other isomers (G-I) gave

simnilar results.



3-(WWI-Bistrifluoromethylamino-oxy)cyclo-octa-1,5-diene
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(CF§)2HOéHCH:CHCH2CH20H:CHéH2 (99) C o 4FNO (M, 275)

n/e Assignment % Int.
(&%) base
275 M 1.7
274 C40H10FcNO 0.7
234 C7H6F6NO 1.5
221 C6H5F6NO 771
107 08H11 100.0
105 C8H9 13.5
91 C7H7 42.6
é1 C6H9 14,0
80 Celg 18.4
79 Cely %.3
78 C6H6 17.3
77 C6H5 28.9
69 CF3 67.2
68 C5H8 25.7
67 05H7 25.4
55 CpHy/C5HZ0 18.4
54 CyHg/CH0 29.8
53 CyHg 24.6
41 03H5 93.2
40 CzHy 16.4
39 CzHz 59.5
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4 mixture of components (A and B) tentatively identified as

bis(NN-bistrifluoromethylamino-oxy)cyclo-octene 012H12F42N202

(11, 444) and bis(NN-bistrifluoromethylamino-oxy)cyclo-octa~

diene C o H, o F o0, (M, 442)

n/e . Assignment % Int.| m/e Assignment % Int,
(rY) base (RY) base

416 quH8F12N202 0.4 91 : C7H7 34,1
290 010F10F6N02 0.7 82 C6H1O 1.6
276 010H12F6NO 1.4 81 06H9 42,0
275 C10H11F6NO O.4 80 CGHB 44,2
274 010H10F6NO 2.8 79 C6H7 100.0
248 08H8F6NO 22.5 78 06H6 30.4
150 C HFgNO 9.4 77 06H5 21.5
124 CgH,4 50 20.5 | 69 CF3 70.0
122 C8H100 13.3 68 05H8/C4H4O 18.5
108 08H12 11.0 67 C5H7 39.8
107 CgH g1 53.2 55 04H7/C3H30 32.2
106 08H10 51.1 53 C¢H5 173
105 08H9 27.9 41 03H5 45.3

95 C7H14 25.4 39 03H3 27 .9

93 Colg 20.8 | 28 CoH, 92.4
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A mixture of componerts (C and D) tentatively identified as

bis(IM-bistrifluoromethylamino-oxy)cyclo-octene 012H12F12N202

(M, 444) and bis(WI-bistrifluoromethylamino-oxy)cyclo-octa-

diene C,5H, F N0, (U, 442)

m/e Assignment % Int.
(®Y) base
425 Ca2la2F 14802 0.4
292 Ca0HAoF6N0, 0.5
290 Ca0HE10F 605 0.2
276 CaoHq oFgNO 0.4
274 Ch0H10F 60 0.8
166 C3H PN 5.3
150 G HF 5O 3.7
133 CoF 8.7
124 CgH, 50 1.1
122 " CgHa0 1.8
81 CeHg 9.6
79 CgHo 8.6
69 CF5 100.0
67 CeHp/CyHz0 6.9
57 CyHo/CzHe0 7.3
55 CHp 10.2
4y C,H,0 19.1
43 CoHz0/C3Ho 7.1
4 C3Hg 10.5
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1-IT-Bistrifluoromethylamino-2-(IT-bistrifluoromethylamino~

oxy)cyclo-oct-5-ene (CF3)2NéHCH20H20H:CHCHacHeéHON(CF3)2

(103) Cqfg o4 0 @, 428)
m/e Assignment % Int.
(%) base
.Diastereo-  Diastereo-
isomer (1) isomer (2)
400 C10H8F12N20 4.8 -
276 ququFGNO 3.6 2.3
260 Cy o 2PN 7.7 15.9
218 C7H6F6N 10.0 121
192 05H4F6N 40.6 36.3
166 CBH2F6N 32.3 25.2
124 08H12O 6.9 7.1
108 08H42 6.6 5.9
107 CgH 44 52.3 49.8
95 Cotliq - 17.9 9.9
o1 C7H7 12.5 11.8
81 C5H5O/C6H9 100.0 100.0
80 C6H8 18.6 1%.1
79 Celln 4.5 79.5
69 CF3 48.1 49.3
¥4 C5H7 36.7 31.9
55 (','5}150/(34_H,7 19.8 18.7
53 CyHsg 15.0 14.0
43 02H5O/03H7 10.9 9.1
41 C3H5 58.2 55.0
39 15.5 15.3%

O3tz
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3-(IHI-Bistrifluoromethylemino-oxy)cyclo-oct-’l‘-ene

(CF3) HlOCHCH : CHOH,CH,CHCHACH, (105) Cqofl3FgNO (i, 277)
n/e Assignment % Int. | m/e Assignment % Int.
(RY) base (RY) base
277 M 0.2 79 C6H7 18.7
276 010H12F6NO 2.1 69 CF3 22.9
150 CEHFSNO 6.9 67 05H7 100.0
125 C gH, 3'O 0.9 55 C4H7/CBH3O 59.6
124 C gH,50 2.7 53 C4H5 10.2
109 C 8H13 54.7 43 C5H7/02H30 17.5
108 C 8H12 5.3 41 C3H5 S54.1
107 CgHyq 9.2 39 G5H5 24.6
&1 C6H9/05H50 26.7 29 CEHS/CHO 22.4

1,2-Bis(Iil-bistrifluoromethylamino-oxy)cyclo-octane (M, 446)

(OF 5 ) o NOCHCH ,CH,CH,CH,CHLCHCHON(CE 5 ) (106) CyoHqyF g 5N 50,

m/e Assignmment % Int. |m/e Assignment °% Int.
(rY) base (RY) base
278 010H14F6N0 1.5 81 C6H9 16.5
150 C2HF5NO 10.6 69 CF3 30.9
110 08H14 9.2 55 C4H7/C3H30 54..6
109 08H13 100.0 43 03H7/02H§O 21.8
98 C6H1OO 15.1 41 03H5 35.0
83 C6H1q/05H7O 14,7 28 02H4 10.5
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3-(Wi-Bistrifluoromethylamino-oxy)-3-phenylpropene

(CF3)2NOCHPhCH:CH2 (109) and 3-(IT-bistrifluoromethylamino-

oxy)-1-phenylpropene (CF5)2HOCH2CH:CHPh (110)
C44HgFEHO (4, 285)

n/e Assignment % Int.
(RY) base
(109) (110)

285 M 0.3 0.9
150 C HF NO 0.7 -
133% CoF5ll/CoHgO 0.4 0.5
131 CoHn0 1.1 3.0
117 CoHg 100.0 100.0
116 CyHig 2.3 7.7
115 Colly 30.9 30.9
103 ' Cglly 3.1 4.3
91 Colly 16.3 14,5
77 CeHs 8.6 10.7
69 CP 20.3 10.0
51 C3Hg0 6.6 8.8
iy - 6.2 3.0

39 CgHiz 5.7 6.6
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1,2,3-Tri(IT7-bistrifluoromethylamino-oxy)-3-phenylpropane .

(CF ) pTTOCH,CHOI(CF 3 ) ,CHPhON(CT 5 ), (111) C,cHgF gl 505 (11,621)

n/e Assignment % Int.
(R") base
Diastereo- Diastereo-~

isomer (1) isomer (2)

453 015H9F12N202 1.5 -
452 C,3HgF 45505 10.2 6.4
301 C,4HgFgNO, 4,8 4,1
285 C 4 HgFgNO 1.7 0.6
284 C,4HgFgNO 4,6 4,1
258 CollgFgNO 18.8 31.8
o242 CoHgFeN 2.5 1.7
182 CH FgNO 2.0 1.0
150 CHFNO 3.9 1.2
133 CoFN/CgHgO 11.2 12.0
132 CotigO 19.1 19.9
119 - 29.8 31.0
117 Collg 100.0 100.0
116 Collg 7.3 8.5
106 Collg0/ColleN 22.6 29.3
105 Cgllg/CoH 50/ Coll N 53,1 55.9
91 CoH 78.2 80.2
77 CeHs 2%.1 23,1
69 CF 88.4 68.5

3
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1,2,5-Tri(Fl-bistrifluoronethylamino-oxy)nent-3-ene (compon-

ent G) (CF3)2NOCH20HON(CF3)2CH:CHCH20H(CF3)2 (115)
C,MH.7F,]8N303 and unidentified component (F)

n/e Assignment % Int.
(rY) base
(G) (¥)
552 C11H7F47N503 1.2 1.5
403 09H7F12N202 1%.5 1.9
254 C7H6F6NO 6.6 8.3
221 C6H5F6NO 2.3 24
208 C5H4F6NO 10.6 9.4
192 C5H7F5NO 17.0 15.6
182 05H2F6NO 7.5 14,1
166 CBH2F6N 8.1 9.3
150 CEHFBNO 8.3 13.7
83 05H7O 5.8 9.7
82 C5H6O 11.6 20.5
81 C5H g0 9.5 13.3
69 CF3 100.0 100.0
68 CyH,O0 9.6 14.8
67 05H7 31.9 39.0
66 C5H6 4.4 25.7
55 C5H50 4.7 31.7
41 C3He 30.1 35.6
40 C3H4 19.8 6.1
39 C3H3 14.3 18.8

29 02H5/CHO 27 .0 18.8
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3-(Ml1-Bistrifluoromethylamino-oxy)penta-1,4~diene (component

c) [?HE:CH]2CH0N(CF5)2 (116) and 1-(Ni-bistrifluoromethyl-

anino-oxy)penta-2,4-diene (component D)

(CF5)2NOCH2CH:CHCH:CH2 17 C7H7F6NO Q1, 235)
m/e Assignment % Int.
(R") base
3-isomer 1-isomer
(116) (117)
235 M 0.5 2.5
150 CEHF5NO 1.3 2.5
81 C5H5O 2.4 2.8
69 CF5 42,6 39.1
68 04H4O 5.8 4.6
67 05H7 jO0.0 100.0
66 C5H6 4.1 3.8
65 05H5 ' 10.8 7.5
55 C5H50 7.2 3.8
54 C3H20 5.5 1.5
53 Cylig 9.1 6.3
52 C4H4 5471 2.5
51 CyHs 5.4 4.0
50 CF2/C4H2 5.6 5.5
41 03H5 32.8 29.8
40 CH,, 3.1 10.6
39 C3H5 179 16.1




4 ,5-Bis(Mi-bistriflucromethylanino~-oxy)pent-1-ene

- 295 -

(CFB)ENOCHECHOH(CFB)20H20H:CH2 (118) C9HSF’I2N2O2 1, 404)

(tentatively identified)

% Int,

n/e Assignment
(") base
403 CgH P, N0, 5.7
%63 CeHzF o0, 0.3
254 CoHgF O 2.2
218 CoH PN 1.2
208 CoH,, FglNO 23.2
192 CsHnFcNO 19.5
182 C3H,FNO 13.9
166 C3H FN 14.5
o CoH,F,NO 10.1
92 - 1143
82 " CoHgO 11.7
69 CP5 100.0
68 CoHg/CyH,0 5.4
67 CcHy 28.8
55 CyyHr/CH30 39.0
St C4H6/05H2o 10.0
4 C5Hg 34.9
59 CxH 15.7
29 CHO 26 .4
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1-NIT-Bistrifluoromethylamnino~-2-(IIli-bistrifluoromethylamino—

. oxy)-3-phenylpropane (CF3)2NCH20H(CH2Ph)ON(CF3)2 (121)

CaztlyoF 220 (K, 438)
n/e Assignment % Int.| m/e Assignment % Int.
(R") base (rY) base
438 M 2.5 | 104 CgHg 7.3
272 010H8F6NO 0.4 103 08H7 2.0
271 010H7F6NO 1.2 91 C7H7 100.0
270 011H10F6N 1.5 78 02H2F2N 13.6
269 011H9F6N 5.4 77 C6H5 2.3
166 C3H FN 67.9 69 CFy 16.8
118 C9H40 1.8 65 05H5 8.5
117 C9H9 10.4 28 02H4 92.9

1-Ni{-Bistrifluoromethylamino-2-(NN-bistrifivoromethylamino-

oxy)pent-4-ene (CFB)eNCH2CHON(CF3)20H2CH:CH2 (122)

CoHgF,; 5N 50 (1, 388)
m/e Assignment % Int.| m/e Assignment % Int.
(rM) base (RY) base

220 C7H8F6N 18.3 67 C5H7 17 o4
218 C7H6F6N 2.5 53 C4H5 3.9
179 C4H5F6N 10.8 43 .02H50/05H7~ 5.9
78 02H2F2N %6.0 41 C3H5 55.6
69 CF 47.3 29 C.H 18.0

3

373




Mixture of telomers of general formulae
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(CF5)2N[07Hé]XON(CF3)2 (where x= 1,2,3,...)

m/e Assignment % Int.| m/e Assignment % Int.
¢:3D) base (RY) base
675 - 0.6 1175 - 12.8
597 - 0.7 | 174 - 13 .4
581 - 2.8 166 'C2H3F6N 724
580 025H24312N2 0.3 161 - 1.4
503 018H15F12N20 0.9 148 - 8.2
427 CozHpzFeN 1.2 | 127 - 10.5
412 C,4HgF 4 0 0.8 | 114 - 7.9
411 011H7F12N20 4.2 111 - 6.9
396 011H8F12N2 0.4 109 C7H90 12.6
395 CqqHoF o5 0.9 |08 CrlgO 13.7
350 - 6.0 107 C7H7O 13.7
336 C16H16F6N 0.4 96 - 8.9
327 - 19.2 | 92 Colg 13.7
275 Coqloz 0.9 91 CoH, 50.4
260 C9H8F6NO 2.4 79 C6H7 52.7
259 09H7F6NO 2.5 78 C6H6 30.3
249 Cagyg SN 10.5 | 77 CeHsg 379
244 C9HBF6N 22.1 69 CF3 100.0
243 C9H7F6N 6.0 67 05H7/C4H50 10.1
192 - 26.5 66 CoHg 21.1
184 CouHig 1.4 | 65 CoHg 21.4
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Mixture of NN-bistrifluoromethylamino-NN-bistrifluoromethyl-

amiﬁo-oxy—substituted dimers of penta-1,4-diene

m/e Assignment % Int.| m/e Assignment % Int.
(RY) base (rY) base
288 C4oH 16Tl 4.9 93 Collg 33.2
287 012H15F6N 3.2 91 C7H7 33.7
247 C9H11F6N 0.2 85 C5H9O 11.8
246 C7H10F6N 2.2 81 06H9 15.3
182 05H2F6NO 2.7 80 C6H8 10.4
166 CBH2F6N 48.3 79 C6H7 41,5
150 CgHFsNO 2.5 78 C6H6 26.2
136 010H16 1.9 77 C6H5 7.7
135 CioH1s 6.9 | €9 CF5 100.0
134 CaoH14 6.2 68 Colig 3.1
133 C2F5N 8.4 67 C5H7 23.7
130 C9H60/010H10 14,8 44 02H40 96.1
121 09H15 48.8 45 02H3O/03H7 12.8
119 CoHy, 13.1 | 41 C5Hs 22.0
111 C7H110 10.5 39 03H5 15.9
95 Cotlqq 10.6
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